




















rer ee 


' 





ST ee ee ee =” 


a 





= 





£70 








SUPPLEMENT _. 








Scientific American Supplement, Vol. XIX., No. 470, 
Scientific American. established 1845. t 


NEW YORK, JANUARY 3, 1885, 


Scientific American me) ere $5 a year. 
! Scientific American and Supplement, $7 a year 








FLOW OF WATER THROUGH HOSE PIPES. 


AT a recent meeting in this city of the American 
Society of Civil Engineers, a paper by Edmund B. 
Weston was read, giving the description and result of 
experiments on the flow of water through a 2} inch 
hose and through nozzles of various forms and sizes; 
also giving the results of experiments as to the height 
of jets of water. The experiments were made at Provi- 
denev. R. I. The water was taken from a hydrant to 
the head of which were attached couplings holding two 
pressure ganges, and from the couplings the hose extend- 
ed to a tank holding 2,100 gallons, so a as to 
measure accurately the time.and amount of delivery of 
water by the hose. Different egy br of hose were used. 
The experiments resulted in the following formula for 
flow from be ws 5 

1. For hose between 90 and 100 feet in length, and 
where great accuracy is required: 


Ooh 
1—o-oased+- (00087) osazesan. 
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2. For all lengths of hose, a reliable general formula: 


h 

0°0155463—0 000898d*-+-0 0000362962d ‘7. 
© velocity of efflux in feet per second. 
h howd in feet indicated by gauge. 
d, diameter of coupling in inches. 
2, length of hose in feet from gauge. 
”, velocity in 244 inch hose. 

Forty-five experiments were made on ring nozzles, 
resulting in the following formula: 

Sf = 0°0011350". 

JS being loss of head in feet owing to resistance of noz- 
zle, and © the velocity of the contracted vein in feet 
per second. 

Thirty-five experiments were made with smooth noz- 
zles, resulting in the following formula: 

SF = 0°0009639 o*. 

J being the loss of head in feet owing to resistance, and 
» the velocity of efflux in feet per second. 

a show that a prevailing opinion is incor- 
rect t jets will rise higher from ring nozzles than 
from smooth nozzles. : 

Box’s formula for height of jets of water compares 
very favorably with experimental results. 
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IRON PILE PLANKS IN THE CONSTRUCTION 
OF FOUNDATIONS UNDER WATER. 


THE annexed engravings illustrate a method of con- 
structing “_ foundations by the use of iron 
= planks. These latter, by reason of their peculiar 
‘orm, present a great resistance, not only to the vertical 
blow of the pile driver (as it is indispensable that they 
should), but also to horizontal pressure when excavating 
is ge Ba ye or masonry being constructed within the 
space which they circumscribe. Polygonal or curved 
perimeters may be circum- 
scribed with equal facility 
by joining the piles, the 
sides of one serving as a 
— to that of its neigh- 

r, and special pieces 
ing adapted to the angles. 
Preliminary studies will 
give the dimensions, form, 
and strength of the iron to 
be employed. The latter, 
in fact, will be rolled to 
various thicknesses accord- 
ing to the application to 
be made of it. We | 
remark that the stre 
of the iron, aside from t 
which is n to allow 
the pile to withstand a 
blow in a vertical direction, 
will not have to be caleulat- 
ed for an entire resistance 
to the horizontal pressure 
due to a vacuum caused 
by the excavation, for the 
stiffness of the piles may 
be easily maintained and 
increased by establishing 
string-pieces and braces in 
the interior in measure as 
“~ Neagn sng pie on. vi 

e system is applica 

to at least three erent 
kinds of work: (1) The mak- 
ing of excavations with a 
dredge ee con- 
creting pumping 
out the water. (2) The re- 
moval of earth or the con- 
struction 


of masonry 
under protection from 
eg tre 1). (8) The mak- 





Fre. 1.—CONSTRUCTION OF A DOCK WALL BE- 
HIND PAPONOT’S IRON PILE PLANKS. 








Fie. 2.—TRANSVERSE SECTION OF TWO PILES 
CONNECTED BY MORTAR JOINTS. 





beton has set, pumping out the water in order to con- 
tiune the masonry in the open air. This construction 
of masonry in the open air has the great advantage 
of allowing the water to evaporate from the mortar, and 
consequently of causing it to dry and effect a quick and 
perfect cohesion of the materials employed. 

This system may likewise be employed with advan- 

for the forming of stockades in rivers, or for 
building sea walls. single row of pile planks will in 
many cases suffice for the construction of dock walls in 
the river or ocean when the opposite side is to be filled 
in, or in any other analogous case ( Fig. 1). 

The piles are driven by means of the ordinary appara- 
tus in use. Their heads are covered with a special 
apparatus to prevent them from being flattened out 
under the blows of the pile driver. They may be made 
in a single piece or be com of several sections con- 
nected together with rivets. They are designed, according 
to circumstances, to be left in the excavation in order 
to protect the masonry, or to be removed in their en- 
tirety or in parts, as is done with caissons. In case they 
are to remain wholly or in part in the excavation, they 
are previously galvanized or painted with an inoxidiz- 
able coating in order to protect them and increase their 
durability. 

The points of the piles, whatever be their form and 
arrangement, are strengthened by means of steel pieces, 
— assure of their penetrating hard and compact 
earth. 

Fig. 2 represents a dredge at work within as en- 
tirely circumscribed by pile planks. Here, after the 
excavation is finished, beton will be put down by means 
of boxes with hinged bottoms, and the water will after- 
ward be pumped out in order to allow the masonry to 
be constructed in the open air. Fig. 3 shows a trans- 
verse section of two of these pile planks united by 
mortar joints. This system is the invention of Mr 
Papenot.—Revue Industrielle. 








AN ATMOSPHERIC BATTERY. 


GREAT ingenuity is being shown in the arrangement 
of new forms of p batteries. The latest is that 
devised by M. Jablochkoff, which acts by the effect of 
atmospheric moisture upon the metal sodium. A small 
rod of this metal is flattened into a plate, connected at 
one end to a copper wire. There is another plate of 
carbon, not precisely the same as that used forarc lights 
or ordinary batteries, but somewhat lighter in texture. 
This plate is perforated, and provided with small wood- 
en pees. The sodium plate is wrapped in silk paper, 
and pressed upon the carbon in such a manner that the 
wooden pegs penetrate the soft sodium. For greater 
security the whole is tied thér witha few turns of 
fine iron wire ; care being taken that the wire does not 
form an electric contact between the sodium and the 
earbon. The element is then complete ; the carbon and 
the small copper wire being the electrodes. The sodium, 
on exposure to the air, becomes.oxidized, forming caus- 
tic soda, which with the moisture of the air dissolves, 
and drains gradually away in the form of a concentrat- 
ed solution ; thus constantly exposing the fresh surface 
of the metal, which renders the reaction continuous. 
The price of the element is 
lower than would be expect- 
ed at first sight from the 
employment of so expensive 
ametal. The present cost 
of sodium is 10 frs. per kilo- 
gomme ; but M. Jabloch- 

off thinks that on the 
large scale the metal might 
be obtained at a very low 
figure. The elements are 
grouped in sets of ten, hung 
upon rods in such a manner 

at the solution as formed 
may drain off. Such a 
battery continues in action 
as long as the air contains 
moisture; the only means 
of stopping it is to shut it 
up in an air-tight case. 

e electro-motive force 
depends on the d of 
humidity in the air, and 
also upon the temperature, 


ANALYSIS OF PERFUMED 
Scourtne Pastes.—The 
analysis of No. 1 resulted 
in, water and traces of 
myrbane oil, 3°66 per cent. ; 
fa’ y re melting at 104° 
F., 54°18 per cent. ; iron per- 
oxide, 10°11 per cent. ; silicic 
acid, 14°48 per cent.; alu- 
mina, 17°31 cent. ; lime 
and magnesia, traces. The 
iron xide is ly sol- 
uble hydrochloric acid, 

the alumina entirely so as 
silicate. The scouring 
therefore, is compos- 


excavations ed 54 cent. fatt 
dredging and afterw (Palin oil) acid, 10 per con 
concreting without pamp- eler’s rouge, 32 cent. 
ing. and then, after Fre. 3 —-DREDGING WITHIN A SPACE CIRCUMSCRIBED BY IRON PILE PLANKS. pumice-stone powder. 


164681 























7496 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 470. 


January 8, 1885. 














SOUND SIGNALS. 


In Appleton’s “Annual Cyclopedia” for 1883, Mr. Ar- 
nold B. Johnson, Chief Clerk of the Lighthouse Board, 
contributes a mass of very interesting Teteereation, un- 
der the above title. His descriptions of the most ap- 
proved inventions relating thereto are interesting, and 
we make the following extracts: 

The sound signals generally used to guide mariners, 
especially during fogs, are, with certain modifications, 
sirens, trumpets, steam-whistles, bell-boats, bell-buoys, 
whistling buoys, bells struck by machinery, cannons 
fired by powder or gun cotton, rockets, and gongs. 

ee aaa are somewhat used on lightships, es- 
pecially in British waters. They are intended for 
use at close quarters. Leonce Reynaud, of the French 
lighthouse service, has given their mean effective 
range as barely 550 yards. They are of most use in 
harbors, short channels, and like places, where a lon 
range would be unnecessary. They have been usec 
but little in United States waters. The term “ effect- 
ive range” is used here to signify the actual distance at 
which, under the most unfavorable circumstances, a 
= can generally be heard on board of a paddle- 
wheel steamer in a heavy sea-way. 

Guns.—The use of guns is not so t as it once was. 
Instances are on record in which they were quite ser- 
viceable. Admiral Sir A. Milne said he had often gone 
into Halifax harbor, in a dense fog like a wall, by the 
sound of the Sambro fog gun. But in the experiments 
made by the Trinity House off Dungeness in Janu- 
ary, 1864, in calm weather, the report of an eighteen- 

punder, with three pounds of powder, was faint at 
our miles. Still, in the Trinity House experiments of 
1865, made in light weather with a light gun, the re- 
port was clearly heard seven miles away. Dr. Glad- 
stone records great variability in the range of gun- 
sound in the Holyhead experiments. Prof. Henry says 
that a twenty-four-pounder was used at Point Boneta, 
San Francisco Bay, Cal., in 1856-57, and that, by the 
help of it alone, vessels came into the harbor during 
the fog at night as well as in the day, which otherwise 
could not have entered. The gun was fired every half 
hour, night and day, during foggy and thick weather 
in the first year, except for a time when powder was 
lacking. During the second year there were 1,582 dis- 
charges. It was finally superseded by a bell-boat, 
which in its turn was after a time replaced by a siren. 
A gun was also used at West Quoddy Head, Maine. It 
was a carronade, five feet long, with a bore of five and 
one-quarter inches, charged with four pounds of pow- 
der. The gun was fired on foggy days when the Bos- 
ton steamer was approaching the lighthouse from 8t. 
Johns, and the firing was begun when the steamer’s 
whistle was heard, often when she was six miles away, 
and was kept up as fast as the gun could be loaded, un- 
til the steamer answered with its whistle. 

The report of the gun was heard from two to six 
miles. ‘This signal was abandoned,” Prof. Henry | 
says, ‘‘ because of the danger attending its use, the) 
length of intervals between successive explosions, and | 
the brief duration of the sound, which renders it diffi- 
cult to determine its direction with accuracy.” In 1872 
there were three fog guns on the English coast, iron | 
eighteen-pounders, carrying a three pound charge of | 

wder, which were fired at intervals of fifteen minutes 
in two places, and of twenty minutes in the other. The 
average duration of fog at these stations was said to be 
about six hours, and as it not unfrequently lasted 
twenty hours, each gun required two gunners, who had 
to undergo severe labor, and the risk of remissness and 
irregularity was considerable, In 1881 the interval be- 
- tween charges was reduced to ten minutes. 

The Trinity House, in its experiments at South Fore- 
land, found that the short twenty-four pound howit- | 
zer gave a better sound than the Gas eighteen-pound- 
er. Tyndall, who had charge of the experiments, sums 
up as to the use of the guns as fog-signals by saying: 
“'The duration of the sound isso short that, unless the 
observer is prepared beforehand, the sound, through 
lack of attention rather than through its own power- 
lessness, is liable to be unheard. Tts liability to be 
quenched by local sound is so great that it is sometimes 
obliterated by a puff of wind taking possession of the 
ears at the time of its arrival. Tee liability to be 
quenched by an opposing wind, so as to be practically 
useless at a very short distance to windward, is very re- 
markable. Still, notwithstanding these draw- 
backs, I think the gun is entitled to rank as a first- 
class signal.” 

The minute gun at sea is known the world over as a 
signal of distress. The English lightships fire guns to 
attract the attention of the lifeboat crew when shi 
wrecks take place in sight of the ships, but out of sight 
of the boats; and guns are used as signals of approach- 
ing floods at freshet times in various countries. 

ockets.—As a signal in rock lighthouses, where it 
would be impossible to mount large pieces of appara- 
tus, the use of a gun-cotton rocket has been su ited 
by Sir Richard Collinson, deputy-master of the Trinity 
ened A charge of gun-cotton is inclosed in the head 
of a rocket, which is projected to the height of perhaps 
1,000 feet, when the cotton is exploded, and the sound 
shed in all directions. Comparative experiments with 
the howitzer and rocket showed that the howitzer was 
beaten by a rocket containing twelve ounces, eight 
ounces, and even four ounces of gun-cotton. 
charges do not show themselves so superior to small 
charges as might be expected. Some of the rockets 
were heard at a distance of twenty-five miles. Tyndall | 
pro to call it the Collinson rocket, and suggests 
that it might be used in lighthouses and lightships asa 
signal by naval vessels. | 

Belis,—Bells are in use at every United States t- | 
station, and at many they are run by machine ua-- 
ted by clock-work, made by Mr. Stevens, of Boston, | 
who, at the suggestion of the Lighthouse Board, has | 
introduced an escapement ment moved by a/| 
small weight, while a larger weight ye To the ma-| 
7 which strikes the bell. These bells weigh from | 
300 to 3,000 pounds. There are about 125 in use on the | 
coasts of the United States. Experiments made by | 
the engineers of the French Lighthouse Establishment, | 
in 1861-62, showed that the range of bell-sounds can be 
increased with the rapidity of the bell-strokes, and 
that the relative distances for 15, 25, and 60 bell-strokes | 
aminute were in the ratio of 1, ivy, and 1ff,5. The} 
French also, with a hemispherical iron reflector back- | 
ed with Portland cement, increased the bell range in | 
the ratio of 147 to 100 over a horizontal are of 60°, be- 


long. 


favorable circumstances, 15 miles. 


yond which its effect gradually diminished. The ac- 


tual effective range of the bell sound, whatever the bell 
size, is comparatively short, and, like the gong, it is 
08. Oe See it needs to be ine My am dis- 
ces. Mr. Cunningham, Secretary Scottish 
Lighthouse Establishment, in a on signals, 
read in February, 1863, says the bell at Howth, weigh- 
ing 244 tons, struck four times a minute by a 
hammer falling ten inches, has been heard one 
mile to windward oqutest alight breeze during fog; 
and that a similar bell at Kingston, struck eight times 
a minute, had been so heard three miles away as to 
enable the steamer to make her harbor from t dis- 


tance. Mr. Beaseley, C.E., in a lecture on coast-fog 
signals, May :24, 1872, speaks of these bells as unusually 
large, saying that they and the one at Ballycottin are 
the | t on their coasts, the only others whieh com- 
pare with them being those at Stark Point und South 
Stack, which weigh 31% ewt. and 41 ewt. rey. 
Cunningham, speaking of the fog-bells at Bell and 
Skerryvore lighthouses, says he doubts if either bell 
has been the means of saving a single vessel from wreck 
during fog, and he does not recall an instance of a ves- 
sel reporting that she was warned to put about in the 
fog, or that she ascertained her position in any 
by hearing the sound of the bell in either place. 
Duane, U.S.A., says a bell, whether epuaied by hand 
or machinery, cannot be considered an efficient fog 
signal on the sea-coast. In calm weather it cannot be 
heard half the time at a greater distance than 
mile, while in rough weather the noise of the surf will 
drown its sound to seaward altogether. The use of 
bells is required, by the International Code, on 
ships of all nations, at regular intervals during fog. 
But Turkish ships are allowed to substitute the gong 
n, as the use of bells is forbidden to the followers 
> Whistitan Buoy The whistling buo 

ing 3.—The w y now in use 
was patented by Mr. J. M. Courtenay, of New York. 
It consists of an iron | ah con wy: bulb, 12 feet across at 
its widest , and 12 feet out of water. In- 
side the bulb is a tube 88 es across, extending, from 
the top through the bottom to a depth of 32 feet, into 
water free from wave motion. The tube is at its 
lower end, but projects, air-tight, through the of the 





Fie. 1.—COURTENAY’S WHISTLING BUOY. 





bulb, and is closed with a plate having in it three holes, 
two for letting the air into the tube, and one between 
the others for letting the air out to work the 10-inch lo- 
comotive whistle with which it is surmounted. ‘These 
holes are connected with three pipes which lead down | 
to near the water level, where they pass through a dia- 
»hragm which divides the outer cylinder into two parts. 
he great bulb which buoys up the whole mass rises 

and falls with the motion of the waves, carryin: the | 
tube up and down with it, thus establishing SF n- 

and-cylinder movement, the water in the tube acting as 

an immovable piston, while the tube itself acts as a| 
pry en deere ~ - Thus the air admitted through valves, | 
as the buoy rises on the wave, into that part of the bulb 

which is above water, is comp and as the buoy 
falls with the wave, it is further compressed and fo: 
through a 24¢ inch pipe which at its apex connects with 
the whistle. The dimensions of the whistling buoy 
have ey been much diminished without detract- 
ing materially from the volume of sound it produces. 
It is now made of four sizes. The smallest in our wa- 
ters has a bulb 6 feet ia diameter and a tube 10 feet in 
length, and weighs but 2,000 pounds. The largest and 
oldest a has a 12-foot bulb, a tube 32 feet 
and weighs 12,000 pounds. 

ere are now 34 these whistling buoys on the 
coast of the United States, which have cost, with their 
soupenenanens, about $1,200 each. It is a curious fact 
that, in proportion as they are useful to the mariner, 
they are obnoxious to the house dweller within earshot 
of them, and that the Lighthouse Board has to weigh 
the petitions and remonstrances before setting these 
buoys off inhabited coasts. They can at times be heard 
15 miles, and emit an inexpressibly mournful and sad- 





gi the time of h it, 
and the state of the an bea 
January, 1878, one of these buoys 
at a station 1% miles distant, every day but 
244 miles distant, 14 times at on ig es d 
4t 2 28 oe 0s bees distant. I 
of one-fifth of a mile to’ miles, and has been frequently 
of one- of a mile 

heard at a distance of 9 miles, and even, under specially 


The whistling buoy is also used to some extent 
British, French, and German waters, with 
The latest use to which it has been put in country 
has been to place it off the shoals of Cape Hatteras, 





reed | whistle, moreover, is diffused equally on all sides. 





Fie. 2.—BROWN’S BELL BUOY. 


at each motion with sueh force as to cause it to toll. 
Like the whistling-buoy, the beil-buoy sounds the loud- 
est when the sea is the roughest, but the bell-buoy is 
adapted to shoal water, where the whistling-buoy could 
not ride; and, if there is any motion to the sea, the bell- 
buoy will makesome sound. Hence the be eae af 
is used in roadsteads and the open sea, while the bell- 
buoy is preferred in harbors, rivers, and the like, where 
the sound-range needed is shorter, and smoother water 
usually obtains. In July, 1883, there were 24 of these 
bell-buoys in United States waters. They cost, with 
their fitments and moorings, about $1,000 each. 
Locomotive- Whistles.—It appears from the evidence 
ven in 1845, before the select committee raised by the 
nglish House of Commons, that the use of the locomo- 
tive-whistle as a fog-signal was first s by Mr. A. 
Gordon, C.E., who proposed to use air or steam for 
sounding it, and to place it in the focus of a reflector, 
or a group of reflectors, to concentrate its sounds into a 
powerful phonic beam. It was his idea that the sharp- 
ness or shrillness of the whistle constituted its chief 
value. And it is conceded that Mr. C. L. Daboll, under 
the direction of Prof. Henry, and at the instance of the 
United States hthouse , first ically used 
it as a fog-signal by erecting one for use at Beaver Tail 
Point, in Narragansett Bay. The sounding of the 
whistle is well described by Price-Edwards, a noted Eng: 
lish seme engineer, ‘‘ as caused by the vibration of 
the column of air contained within the bell or dome, the 
vibration being set up by the impact of a current of 
steam or air at a high pressure.” It is probable that 
the metal of the be likewise set in vibration, and 
gives to the sound its timbre or quality. It is noted 
that the age excited expends its chief foree in the 
immediate vicinity of its source, and may be 
therefore, as to some extent wasted. The soun os the 
ene 
¢ ics to some extent exp’ the im cy of 
the sound to trate to great distances. fference 
in pitch is obtained by altering the distance between 
the steam orifice and the rim of the drum. When 
brought close to each other, say within half an inch, 
the sound produced is very sh but it becomes dee 
er as the space between the rim and the steam or air 
orifice is increased. 
Prof. H says the sound of the whistle is distribut- 
ed horizon . It is, however, much stronger in the 
con’ the lower edge of the bell than on 
either side of plane. Thus, if the whistle is stand- 
t in the ordinary position, its sound is more 
a horizontal plane passing through the whis- 
tle than above it or below it. 
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: 
: 


the experiments made by Prof. Henry 
and Gen. Duane for the United States Lighthouse 


Board, in 187 to show that the steam- 
whistle eeald be odie en for | ory wy uses 
in mah tions. Prof. Henry found t he could 
hear a whistle 734 miles with a feeble 


Gen. Duane heard the 10-inch whistle at C. 
Elizabeth at his house in pans, Males, nine miles 
distant, whenever it was in ope e heard it 
best during a heavy northeast snow-storm, the wind 
blowing then direetly from him, and toward the source 
Dune also reported that ‘there 
are six fog-signals on the coast of Maine; these have 
Gequeniiy howe heard at the distance of twenty miles,” 
- . . Which distance he gives as the extreme limit of 
the twelve-inch steam-whistle. 
: —The Daboll trumpet wasinvented by Mr. 
C. L. Daboll, of Connecticut, who was experimenting 
to meet the announced wants of the United States 


. The largest 
trumpet seventeen feet long, with a throat three and 
one-half inches in diameter, and a ring mouth 
thirty-eight inches across. In the trumpet is a resound- 
ing cavity, and a tongue-like steel reed ten inches long, 
two and t uarter inches wide, one inch thick at 
its fixed end, and half that atits free end. Air is con- 
densed in a reservoir and driven through the trumpet 
by hot air or steam machinery at a eeeeure of from 
fifteen to twenty pounds, and is le of making a 
shriek which can be heard at a great distance for a cer- 
tain number of seconds each minute, by about one- 
quarter of the [ape expended in the case of the 
whistle. In all his experiments against and at right 
angles and at other — to the wind, the trumpet 
stood first and the whistle came next in power. In the 
trial of the relative power of various instruments made 
by Gen. Duane in 1874, the twelve-inch whistle was re- 
rted as exceeding the first-class Daboll trumpet. 
ley — that the trumpet has done good work 
at various British stations, making itself heard from 
five to ten miles. The engineer in ¢ of the light- 
houses of Canada says: ‘‘ The expense for repairs, and 
the frequent stoppages to make these repairs d 
the four years they continued in use, e them [the 
trumpets] expensive and unreliable. The frequent 
stoppages during foggy weather made them sources of 
danger instead of aids to navigation. The sound of 
these trumpets has deteriorated during the last year or 
so.” Gen. Duane, reporting as to his experiments in 
1881, says: ‘‘ The Daboll trumpet, operated by a caloric 
engine, should only be employed in exceptional cases, 
such as at stations where no water can be procured, 
and where from the proximity of other signals it may 
be necessary to vary the nature of the sound.” Thus 
it would seem that the Daboll trumpet is an exception- 
ally fine instrument, producing a sound of great pene- 
tration and of sufficient power for ordinary 2 gona 
use, but that to be kept going it requires skillful man- 
agement and constant care. 

The Siren.—The siren was adapted from the instru- 
ment invented by C. rd de la Tour, v, A. and PF. 
Brown, of the New York City Progress Works, under 
the guidance of Prof. Henry, at the instance and for 
the use of the United States Lighthouse Establishment, 
which also adopted it for use as a fog-signal. The siren 
of the first class consists of a huge trumpet, somewhat 
of the size and shape used by Daboll, with a wide 
mouth and a narrow throat, and is sounded by driving 
compressed air or steam through a disk placed in its 
throat. In this disk are twelve radial slits; back of the 
fixed disk is a revolving plate, containing as many simi- 
lar agetiongs. The plate is rotated 2,400 times each 
minute, and each revolution causes the escape and in- 
terruption of twelve jets of air or steam through the 
ras. in the disk and rotating plate. In this way 

,800 vibrations are given during each minute that the 
machine is operated; and, as the vibrations are taken 
up by the trumpet, an intense beam of sound is pro- 
jected from it. The siren is operated under a pressure 
of seventy-two pounds of steam, and can be heard, un- 
der favarable circumstances, from twenty to thirty 
miles. “Its density, quality, pitch, and penetration 
render it dominant over such other noises after all 
other signal-sounds have succumbed.” It is made of 
various sizes or classes, the number of slits in its throat- 
= Sans van its size. (Sos dimensions given 
above are those of t e largest. engraving on page 
448, ‘‘ Annual Cyclopedia” for 1880.] 

he experiments made by Gen. Duane with these 
three machines show that the siren can be, all other 
things being equal, heard the farthest, the steam- 
whistle stands next to the siren, and the trumpet comes 
next to the whistle. The machine which makes the 
most noise consumes the most fuel. From the average 
of the tests it —— that the power of the first-class 
siren, the twelve-inch whistle, and first-class Daboll 
trumpet are thus expressed: siren nine, whistle seven, 
trumpet four; and their relative expenditure of fuel 
thus: siren nine, whistle three, trumpet one. 

Sound-signals constitute so large a factor in the safe- 
ty of the navigator, that the scientists attached to the 
lighthouse establishments of the various countries have 
eon much attention to their production and perfec- 
tion, notably Tyndall in England and Henry in this 
country. The success of the United States has been 
such that other countries have sent commissions here 
to study our system. That sent by England in 1872, of 
which Sir Frederick Arrow was c and Captain 
Webb, R.N., recorder, reported so favorably on it that 
since then ‘“‘ twenty-two sirens have been phased at the 
most salignt O - =pownes on the British coasts, and six- 
teen on light-ships moored in position where a guiding 
—_ is of the greatest service to passing navigation. 

he trumpet, siren, and whistle are 
arrangement that the length of blast interval, and 
the succession of alte are such as to identify the 
location of each, so that the mariner can determine his 
position by the sounds. 

In this country there were in operation in July, 1883 
sixty-six fog. by steam or hot air, and 
the number is to be increased:in answer to the urgent 

of commerce. 


Uséef Natural Orifices.—There in various of 
the world, several sound e by u nat- 
ural in cliffs t which the waves drive 


orifices 
the air with such force and velocity as to nce the 
sound required. One of the most noted is that on one 
of the Farallon Islands, forty miles off the harbor of 





San Francisco, which was constructed by Gen. Hart- 
mann Bache, of the United States Engineers, in 1858-59, 
and of which the following is his own description: 
“Advantage was taken of the presence of the working 
party on the island to make the e 


the orifice of a subterranean passage opening out upon 
the ocean, through which the air is viclently righ de | 
the beating of the waves. The first attempt failed, 
the masonry raised upon the rock to which it was at- 
tached being blown up by the at violence of the 
wind-current. A mod plan with a safety-valve at- 
tached was then adopted, which it is hoped will prove 
permanent. .. . e nature of this work called for 
1,000 bricks and four barrels of cement.” 

Prof. Henry says of this: 

“On the apex of this hole he erected a chimney which 
terminated a tube surmounted by a locomotive- 
whistle. By this arrangement a loud sound was pro- 
duced as often as the wave entered the mouth of the 
indentation. The penetrating power of the sound from 
this arrangement would not be great if it depended 
merely on the hydrostatic pressure of the waves, since 
this under favorable circumstances would not be more 
than that of a column of watertwenty feet high, giving 
a ee of about ten pounds to the syuare inch. The 
effect, however, of the re might add consider- 
ably to this, though the latter would be confined in 
effect to a single instance. In regard to the practical 
result from this arrangement, which was continued in 
yen for several years, it was found not to obviate 
the necessity of producing sounds of greater power. It 
is, however, founded on an ingenious idea, and may be 
susceptible of application in other cases.” 

There is now a first-class siren in duplicate at this 


place. 
The sixty-six steam fog-signals in the waters of the 


riment, long since | 
contemplated, of attaching a whistle as a fog-signal to | 





erank-pin inserted in the flywheel. The connecting 
rods now on this engine were supplied by Mr. Webb, 
the original ones—which they have been made to re- 
semble as closely as a ae been broken up. 
In the Crewe engine as it now exists it is not quite clear 
how the power was taken off from the but 
from the roan of similar engines recorded in the 
“Life of Richard Trevithick,” it appears that a small 
spur pinion was in some cases fixed on the crankshaft, 
and in others a spurwheel, with a crank-pin inserted in 
it, took the place of the crank at the end of the shaft 
opposite to that ing the flywheel. In the Crewe 
engine the flywheel, it will be noticed, is provided with 
a anceweight. 

The admission of the steam to and its release from 
the cylinder is effected by a four-way cock provided 
with a lever, which is actuated by a tappet attach- 
ed to the crosshead, as seen on the back view of the en- 
gine. To the crosshead is also coupled a lever having 
ts fulcrum on a bracket attached to the boiler, this 
lever serving to work the feed pump. dnp wn | 
the original pump of the Crewe engine was smashed, 
but Mr. Webb has fitted one up to show the arrange- 
ment. A notable feature in the engine is that it is pro- 
vided with a feed heater through which the water is 
forced by the pump on its way to the boiler. The 
heater consists of a cast-iron pipe through which passes 
the exhaust pipe leading from the cylinder to the chim- 
ney, the water circulating through the annular space 
between the two pipes. 

Altogether the Trevithick engine at Crewe is a relic 
of the very highest interest, and it is most fortunate 
that it has come into Mr. Webb’s hands and has thus 
been rescued from destruction. No one, bearing in 
mind the date at which it was built, can examine this 
engine without having an increased vespect for the tal- 
ents of Richard Trevithick, a man to whom we owe so 





TREVITHICK’S HIGH PRESSURE ENGINE AT CREWE. 


United States have been established at a cost of more 
than $500,000, and are maintained at a yearly expense 
of about $100,000. The erection of each of these signals 
was authorized by ope es in an act making special 
Sg a ame for its blishment, and Congress was 
in each instance moved thereto by the pressure of pub- 
lic opinion, applied usually through the member of 
Congress representing the particular district in which 
tha Fwnal was to be located. And this pressure was 

oned by the fact that mariners have come to be- 
lieve that they could be guided by sound as certainly 
as by sight. The custom of the mariner in coming to 
this coast from beyond the seas is to run his ship so 
that on arrival, if after dark, he shall see the proper 
coast-light in fair weather, and, if in thick weather, 
that he shall hear fog-signal, and, taking that as a 
point of departure, to feel his way from the coast-light 
to the harbor-light, or from the fog-si on the coast 
to the fog-si in the harbor, and thence to his an- 
chorage or wharf. And the custom of the coaster 
or the sound-steamer is somewhat similar. 








TREVITHICK’S ENGINE AT CREWE. 


THE old high-pressure engine of Richard Trevithick, 
which, thanks to Mr. Webb, has been rescued from a 
scrap heap in South Wales, and re-erected at the Crewe 
Works. e give engravings of this engine, which have 
been prepared from phot phs kindly furnished to 
us by Mr. Webb, and which will clearly show its de- 


sign. 

‘The boiler bears a name-plate with the words *‘ No. 14, 
Hazeldine and Co., Bridgnorth,” and it is evidently one 
of the patterns which vithick was havin le by 
Hazeldine and Co., about the year 1804. e shell of 
the boiler is of cast iron, and the cylinder, which is 
vertical, is cast in one with it, the back end of the boil- 
er and the barrel being in one piece as shown. At the 
front end the barrel has a flange by means of which it 
is bolted to the front plate, the plate having attached 
to it the furnace and return flue, which are of wrought 
iron. The front 


the case of the engine at Crewe, the chimney, firehole 
door, and front of flue had to be renewed by Mr. Webb, 
these a having been broken up before the engine 
caine into his 4 

The rod is attached to a long cast-iron cross- 
m which two bent eonnect rods extend 


h 
— other to a 


downward, the one to a crank, and 


late has also cast on it a manhole | in 
mouthpiece to which the manhole cover is bolted. In |in 


much and whose labors have as yet met with such scant 
recognition.—Hngineering. 








[Continued from Screntiric AMERICAN SupPLEMENT, No. 451, page 7192.) 
PLANETARY WHEEL TRAINS. 
By Prof. C. W. MacCorp, Sc.D. 
Iv. 


THE arran ent of planetary wheels which has 
been applied in practice to the ee extent and to 
the mos’ Pine is probably that in which the axial 
motions of the train are derived from a fixed sun-wheel. 
Numerous examples of such trains are met with in the 
differential z of hoisting machines, in portable 
horse-powers, ete. The action of these mechanisms 
has already been fully discussed; it may be remarked in 
addition that unless the speed be very moderate, it is 
found advantageous to balance the weights and divide 
the pressures by extending the train arm and placing 
the planet-wheels in equal pairs diametrically opposite 
—— as, for instance, in us’ horse power, 

. 31. 
fs trains of this description, the velocity ratio is in- 
variable; which for the above-mentioned objects it 
should be. But the use of a planetary combination 
enables us to cause the motions of two ene ye 
trains to converge, and unite in producing a single re- 
sultant rotation. This may be done in two ways; each 
of the two independent trains may drive one sun-wheel, 
thus determining the motion of the train-arm; or, the 
train-arm may be driven by one of them, and the first 
sun-wheel by the other; then the motion of the second 
sun-wheel is the resultant. Under these circumstances 
the ratio of the resultant velocity to that of either in- 
dependent train is not invariable, since it may be affect- 
ed by a change in the velocity of the other one. | To il- 
lustrate our meaning, we give two examples Of ar- 
rangements of this nature. e first is Robinson’s ro 
machine, Fig. 32. The bobbins aren which 
the strands composing the pope are wound ‘turn freely 
in the frames, G, G, and these frames turn 
bearings in the disk, H, and the three-armed frame 
or spider, K, both of which are secured to the central 
8S. Each bobbin-frame is provided with a pi- 


’ 


nion, a, and these three engage with the annu- 
lar wheel, A. This “has no but is carried 
and kept in tion by three pairs of 


as shown, 
so t its axis of sion te the ante &0 Ged of the 





shaft, 8; and it is toothed externally as well as inter- 
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. The pass through the hollow axes of 
the pinions, and thence each to its own 0) 
through the la ~ T, fixed upon 8, which com- 
of twisting them into a rope. The 
reeived, may be driven 
with its exte 
rate of speed d 
and by varying the speed of that 
of the wheel, A, may be changed 
velocity of 8. : 

It is true that in making a certain kind of rope, 
the velocity ratio of A and 8 must remain constant, in 
order that stramds may be equally twisted through- 
out: but if for another kind of rope a different degree 
of twist is wanted, the velocity of the pinion, E, may 
be altered by means of wheels, and thus the 
same machine may be used for manuf many 
different sorts. 

- The second combination of this kind was devised by 
the writer as a “tell-tale” for shcwing whether the 
e es driving a pair of twin ge ae agg were 

at the same rate. In Fig. 33, an index, P, is car- 
ried by the wheel, F: the wheel, A, is loose upon the 
shaft of the train-arm, which latter is driven by the 
wheel, E. The wheels, F and f, are of the same size, 
but a is twice as as A; if then A be driven by one 
engine, and E by the other, at the same rate but in 
the opposite direction, the index will remain stationary, 
whatever the absolute velocities. But if either engine 
go faster than the other, the index will turn to the 
right or the left acco . The same object may 
also be accomplished as shown in Fig. 34, the index 
being carried by the train-arm. It makes no difference 


what the actual value of the ratio 4 may be, but it 


must be equal to ¥. under which condition it is evident 


that if A and be driven contrary ways at equal 
small or great, the train-arm will remain at 


rest; but any inequality will cause the index to turn. 
































In some cases, particularly when annular wheels are 
used, the train-arm may become very short, so that it 
may be im ble to mount the planet-wheel in the 
manner thus far represented, upon a pin bya 
erank. This difficulty may be surmounted as shown in 


Fig. 35, which illustrates an ment originall 
3\f a of Nelson’s Berean 2: 4 The 


inte: pinions, a, f, are but little smaller the an- 
nular wheels, A, F, and are hung upon an eccentric E, 
formed in one solid piece with the driving shaft, D. 

The action of a complete — train involves vir- 
tually and always the action of two suns and two pla- 
nets; but it has already been shown that the two _ 
nets may merge into one piece, as in Fig. 10, w 
the planet-wheel externally with one sun-wheel, 
and internally with the other. 

But the train may be reduced still further, and yet 
retain the essential character of completeness in the 
same sense, though composed actually of but two tooth- 
ed wheels. .. Loe wnge of this is a in : 86, bo 
annular planet being hung upon and carri vy 
pins of three cranks, ¢, ¢, ¢, S nich ae all equal and pa- 
rallel to the virtual train-arm, T. These cranks 
about fixed axes, communicate to f a motion of circular 
translation, which is the resultant of a revolution, 0’, 
about the axis of F in one direction, and a rotation, 0, 
at the same rate in the opposite direction about its own 
axis, as has been alread oe The cranks then 
supply the place of a sun-wheel and a planet of 

ual size, with an intermediate idler for reve the 

tion of the rotation of the planet; and the velocity 


of F is 
Vi=o0 (i—Z). 


A modification of this train better suited for practi- 
eal use is shown in Fig. 37, in which the sun-wheel, in- 
stead of the planet, is annular, and the latter is carried 
by the two eccentrics, E, E, whose throw is equal to the 
difference between the diameters of the two pitch cir- 
cles; these eccentrics must, of course, be driven in the 








PLANETARY WHEEL TRAINS. 





same direction and at equal speeds, like the cranks in 


. 36. 
Pig curious arrangement of -gearing is shown in 
Fig. 38: in this ease the diameter of the pinion is half 
that of the annular wheel, and the latter be the 
driver, the elementary h cloidal faces of its teeth 
are diameters of its pitch circle; the derived work 
of sensible diameter are le 
which fact advan is n to 


tooth-outlines for 

to these diameters, tage 

make the pins turn in blocks which slide in straight 
slots as shown. The formula is the same as that for 


Fig. 36, viz.: 
v=+(1-$) 


which, since f = 2F, reduces to V'= — 0’. 
of saine eral nature is the combination known 
as the ‘‘ Epicycloidal Multiplying Gear” of Elihu Gal- 
loway, —— in Fig. 89. Upon examination it will 
be seen, although we are not aware that attention has 
egte ond —— — done fact, th as Sag <p a 
2 O01 ‘orms of “ gearing ” this parti- 
cular, viz., that the elementary tooth of the driver con- 
sists of a complete branch, instead of a comparatively 
small part of the mg mg traced by rolling the 
smaller pitch-circle within the larger. It is self-evident 
that the hypocycloid must return into itself at the 
—_ of beginning, without crossing; each branch, 
hen, must subtend an aliquot part of the circum- 
ference, and can be traced also by another and a 
smaller we circle, whose eter therefore 
must be an aliquot part of the diameter of the outer 
piteh-circle; and since this last must be equal to the 
sum of the diameters of the two describing circles, it fol- 
lows that the radii of the pitch circles must be to each 
other in the ratio of two successive integers; and this is 
also the ratio of the number of pins to that of the epi- 
cycloidal branches. 
Thus in Fig. 39, the diameters of the two pitch circles 
are to each other as 4 to 5; the hypocycloid has 5 
branches, and 4 pins are used. These pins must in 
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ractice have a sensible diameter, and in order to re- 
uce the friction this diameter is made 

pins themselves are in the form of rollers. e origi- 

nai NapeST OSS is shown in dotted line, the wor! 

curve being at a constant normal distance from it eq 

to the radius of the roller; this forms a sort of frame 


or yoke, which is hung upon cranks as in Figs. 3éand 
38. The expression for the velocity ratio is the same as 
in the p case : 3 
Vi= 0 (i— f; which in Fig. 39 gives 
5 1 
las of (few ide an 
Vi=¢ (1 7 7” . 
the planet wheel, or epicycloidal oke, then, has the 
Fo yt speed, so that if it be desired to up,” and 
drive the propeller faster than the e e goes (and 


this, we believe, was the purpose of the inventor), the 
pin-wheel must be made the driver; which is the re- 
verse of advantageous in respect to the relative amounts 
of a and receding action. 

In Pigs. 40 and 41 are given the skeletons of Galloway's 
device for ratios of 3 :4and 2 :8 respectively, the former 
a four branches and three pins, the latter three 
branches and two pins. Follo the analogy, it 
would seem that the next step should be spomenes two 
branches with only one pin; but the rectilinear Ypo 
cycloid of Fig. 38 is a complete diameter, and the 
second branch is identical with the first; the straight 
tooth, then, could theoretically drive the pin half way 
round, but upon its reaching the center of the outer 
wheel, the driving action would cease; this renders it 
necessary to employ two pins and two slots, but it is not 
essential that the latter should be perpendicular to 
each other. 

In these last arrangements, the forms of the parts are 
so different from those of ordinary wheels, that the true 
nature of the combinations is at least re agg = 2 dis- 
guised. But it may be still more completely hidden, 
as for instance in the common — trammel, Fig. 42. 
The slotted cross is here fixed, and the pins, R and P, 
sliding respectively in the vertical and horizontal lines, 
control the motion of the bar which carries the pencil, 
8. At first glance there would seem to be nothing here 
resembling wheel works. But if we describe a circle 
upon R P asa diameter, its circumference will always 
pass through C, because RC P is a right angle, and 
the instantaneous axis of the bar being at the intersec- 
tion O of a vertical line through P, with a horizontal 
line through R, will also lie upon this circumference. 


Again 
Cc ¢ B P, whence a circle about eenter C with 
radius RP will also pass through O, which therefore 
is the point of contact of these two circles. It will 
now be seen that the moticn of the bar is the same as 
though carried by the inner circle while rolling within 
the outer one, the latter being fixed; the ints 
Pand R describing the diameters L M and K N, the 
int D a circle, and § an ellipse; C D being the 
rain-arm. The distance R being always the 
diameter of one circle and the radius of the other, the 
sizes of the wheels can be in effect varied by altering 
that distance. 

Thus we see that this combination is virtually the 
same in its action as the one shown in Fig. 43, known 
as Suardi’s Geometrical Pen. In this particular case 
the diameter of ais half of that of A; these wheels 
are connected by the idler, E, which merely reverses the 
direction without affecting the velocity of a’s rotation. 
The working train arm is jointed so as to pivot about 
the axis of E, and may be clamped at any angle within 
its range, thus changing the length of the virtual 
train arm, C D. The bar being fixed to a, then, moves 
as though carried by the wheel, a’, rol within A'; 
the radius of a' being C D, and that of A' twice as 
great. 

In either instrument, the semi-major axis C X is 
equal to 8S R, and the semi-minor axis to 8 P. 

The ellipse, then, is described by these arrangements 
because it is a special form of the epitrochoid; and 
various other epitrochoids may be traced with Suardi’s 
om by substituting other wheels, with different num- 


vers of teeth, for a in Fig. 43. 

Another disguised poneery. arrangement is found in 
Oldham’s coupling, Fig, 44. The two sections of shaft- 
ing, A and B, have each a flange or collar forged or 
keyed upon them; and in each flange is planed a trans- 
verse groove. A third piece, C, equal in diameter to 
the flanges, is provided on each side with a tongue, 
fitted to slide in one of the pores, and these tongues 
are at right angles to each other. The axes of Aand B 
must be parallel, but need not coincide; and the result 
of this connection is that the two shafts will turn in the 
same direction at the same rate. 

The fact that C in this arrangement is in reality a 

lanetary wheel, will be perceived by the aid of the 
Sabeean. Fig. 45. Let C D be two pieces rotating about 
fixed —— axes, each paving a 
slides freely one of the arms, A C, A D, 
secured to each other at right angles. 

The point C of the upper arm can at the instant 
move only in the direction C A; and the point D of 


the lower arm only in the direction A D, at the same 


| 


which are rigidly | 


instant; the instantaneous axis is therefore at the inter- 
section, K, of perpendicuiars to AC and AD, at the! 
ints C and D. CAD K being then a rectangle, | 
K and C D will be two diameters of a circle whose 
center, O, bisects C D; and K will also be the point of 
contact between this circle and another whose center is 
A, and radius AK =C D._ If then we extend the arms 
so as to form the cross, P K, M N, and suppose this to 
be carried by the outer circle, f, rolling upon the inner 
one, F, ite motion will be the same as that determined | 
by the pieces, C D; and such across is identical with | 
that = by the tongues on the coupling-piece, C, of 


Fig. 44. 

f O is the virtual train-arm, fet the center, A, of the 
cross move to the position B, then sinee the angles A 
OBat the center, and AC B in the circumference, 
stand on the same arc, A B, the former is double the | 
latter, showing that the eross revolves twice round the 
center O di each rotation of C; and since AC B 
=A DB, Cand D rotate with equal velocities, and 
these rotations and the revolution about O have the 
same direction. While revolving, the .cross rotates | 
about its traveling center, A, in ‘theo ite direc- 
tion, the contact between the two cireles being internal, 
and at a rate equal to that of the rotations of C and D, 
because the velocities of the axial and the orbital mo- 
4 


| 
| 


| 


and the 


, since O is diametrically opposite to C, we have | 


| 


groove in which | and treated the same under the following 


lat as attested to by 


| for the 174 feet, and supposed that inthe ¢ondensed 


tion are to each_ other as f is to F, that is to say, as 1 is 
| to 2. Since in the course of the revolution the ts 
| P and sanst each coincide with C, and the points 
and N with D, it follows that each tongue in Fig, 
| 44 must slide in its groove a distance equal to twice 
her other dima at's flisgua aS piedihies train is 
n example of a p 
howe in Ae ©. Lot C be the center about which the 


train arm, 
distant shaft, B, carried by shall turn once baek- 
ward for each forward revolution of the arm. Eis a 
fixed eceentric of any convenient diameter, in the up- 
per side of whieh is a pin, D. On theshaft, B, is keyed 
a crank, B G; qqnel in length to C D; and at any con- 
venient point, , on B C, or its prokagas another 
crank, H F, equal also to C D, is provi ed with a bear. 
ing in the -arm. The three crank pins, F, D, G, 
by a rod, loco- 


1 to each other; but C D being fixed, the 
their or ieee: los senitins tore ert ll 
ions, thus mo- 
Soe of deen tne vies 

The result then is the same as though the peri 

of E were formed into a fixed ur-wheel, A. an 
quetthen, &, 08, 0ie cuma wna, secuiedin nie , the 
two being connected by the three 
N. It need hardly be stated that ins of the eccen- 
tric, E, a crank similar and equal to BG 
it be found better suited to the 


It is possible also to apply the planetary principle to 
mechanism composed partially of racks ; in tact, bY rack 


is merely a wheel of apm cate size—the etting case, 
just as a right line is a circle of infinite radius. very 
neat application of this principle is found in Villa’s Pan- 
of which a full description and illustration was 

ven in SCIENTIFIC AMERICAN SUPPLEMENT, No, 424; 


the planet-wheels are the pinions, carried by the travel- 
ing socket, by which the motion of one rack is transmit- 
to the other. 

Thus far attention has been called only to combina- 
tions of cireular wheels. In these the velocity ratios 
are constant, if we except the cases in which two inde- 
—_— trains converge, the two sun-wheels, or one of 

hem and the train-arm, —— driven separately—and 
even in those, a variable motion of the ultimate fol- 
| lower is obtained only by varying the speed of one or 
| both drivers. It is not, however, necessary to eenreez 
circular wheels exclusively or even at all; wheels of 
‘other forms are capable of acting ther in the rela- 
| tion of sun and planet, and in way a V: 





| 


arying 


wheel and a single driver. We have not found, in the 
works of any previous writer, any intimation that non- 
circular wheels have ever been thus combined; and we 
propose in the following article to illustrate some curi- 
ous results which may be thus obtained. 


= 


THE FALLACY OF THE PRESENT THEORY OF 
SOUND. 


Dr. H. A: Mort recently delivered a lecture before 
| the New York Academy of Sciences, in Columbia Col- 
| lege, on the Fallacy of the Present Theory of Sound. 
“Tie commenced his lecture by stating that ‘the 
| object of science was not to find out what we like or 
| what we dislike; the object of science was truth.” He 
| then said that, as Galileo stated a hypothesis should 
be ju by the weight of facts and the force of mathe- 
matic. deductions, he claimed the theory of sound 
should be so examined, and not allowed to exist as a 
true theory simply because it is sustained by a long line 
of scientific names; as too many theories been over- 
| thrown to warrant the acceptance of any one authority 
unless they had been thoroughl tested. Dr. Mott 
stated that Dr. Wilford Hall was the first to attack the 
theory of sound and show its fallaciousness, and that 
many other scientists besides himself had agreed with 
| Dr. Hall in his arguments and had advanced additional 
arguments and experiments to establish this fact. Dr. 

















| Mott first gave a very elaborate and still at the same time 
condensed statement of the current th of sound as 
propounded by such men as Helmholtz, dall, Lord 


vyieigh, Mayer, Rood, Sir Wm. Thomson, and others, 
and closed this section of the paper with the remarks 
| made by Tyndall: ‘ Assuredly no question of science 
ever stood so much in need of revision as this of the 
transinission of sound through the atmosphere. Slowly 
but surely we mastered the question, and the further 
we advance, the more plainly it ap that our re- 
puted knowledge regarding it was erroneous from be- 
ginning to end.” , 
Dr. Mott then took up the other side of pon acca 
1. Agitation of the air. 2. Mobility of the atmo- 
sphere. 8. Resonance. 4. Heat and velocity of the 
supposed sound waves. 5. Decrease in loudness of 
6. The physical strength of the locust. 7. The 


it required that the | scien 


are connected like the 
motive; F D, D G, being vely equal to H C, CB. | theo 
Lone as the train-arm revolves, the three cranks must 


ual wheels, L, M, | miles of 


racks, moving side by side, are the sun-wheels, and | locusts 


velocity ratio may be produced even with a fixed sun- | his 


e 


a continuous deformation 


a’ at_a constant tem; ae 
stated that when Newton first ited out this dis- 
¢ oF ite Sok, ie Siensy sepeld Deve pate 
drop) at once, later on he showed the conse- 
q of Laplace’s heat and cold theory. 

Front t of the evening, and the one to 
which the most importance, was 


roduce 
its slow movement. Dr. Mott asks some one to 
him howa eh N gear 
slower could be able to produce them. He then 


it was occasioned when Dr. 
showed what a locust strid in the air would be 
called upon to do if the present theory of sound were 
correct. He stated that a locust not weighing more 
than half a pennyweight, and that could not move an 
ounce weight, was snpeneed ble of rang Eyes 
of atinosphere ration, W , 000, 
tons, so that it would be “ty those tr one 
second, and anv portion of the air could bend the human 
tympanic membrane once in and once out 440 times in 
one second; and that 40,000, Meer age 30 nearly the whole 
population of the United States, id have their 5,000 
pounds of tympanic membrane thus shaken by an in- 
sect that could not move an ounce weight to save its 
life; and that the 231,222 pocnde of tympanic mem- 
brane of the entire popula of the earth, amounting 
to 1,350,000,000, who could conveniently stand in 114 
square miles, would be affected the same wey by 3d 
stridulating in the air. According to baro- 
metric theory of Sir William Thomson, he showed that 
a locust would have to add 60,000,000 pounds to the 
weight of the atmosphere. 
nder elasticity and density he stated that elasticity 
was a mere property of a y, and could not add one 
grain of foree to that exercised by the locust, so as to 
assist it in portorming. such wonderful feats. Under in- 
terference he showed that the law of interference is fal- 
lacious; that no such thing occurs; and that in the ex- 
riment with the siren to show such fact, the octave 
produced which of necessity ought to be when the 
number, of orifices are alternately doubled, and 
same effect would be produced with one disk with 
double the number of holes. Under the last head of 
is paper Dr. Mott proved that the membrana tym 
was not necessary for good Reering, that in fact when 
it was punctured, a deaf man could in many cases be 
made to hear, and in fact it improved the hearing in 
general; the only reason why the tympanic membrane 
was not punctured oftener was that dust, heat, and cold 
were apt to injure the middle ear. 


In closing paper Dr. Mott said that he would risk 
the fallacy of the current theory of sound on the argu- 
ment advanced relating to the bility of the slow 


motion of a tuning fork to produce sonorous waves, 
and stated that he would retire if any one could show 
the fallacy of the argument; but if not, the wave theory’ 
inust be abandoned as absurd and fallacious, as was the 
Ptolemaic system of astronomy, which was handed 
down from to age until Copernicus and his aide de 
camp Galileo gave to the world a better system. 








THE ATTOCK BRIDGE. 


We give illustrations from Hngineering of a pete re- 
cently constructed across the Indus River at Attoek, 
for the Punjaub Northern State Railway. This bridge, 
which was opened on May 24, 1883, was erected under 
the direction of Mr. F. L. "Callaghan, engineer in chief, 
Mr. H. Johnson acting as executive engineer, and 
Messrs. R. W. Egerton and H. Savary as assistants. 

The principal spans covera length of about 1,150 feet. 
It will be seen from the diagram t+ there is a differ- 
ence of nearly 100 feet in the levels of high and low wa- 
ter. 








THE ELASTICITY OF METALS. 


M. Tresca has contributed to the Comptes Rendus 
some observations on the effect of hammering, and the 
variation of the limit of elasticity of metals and mate- 
rials used in the arts. 
He says that hitherto, in considering the deformation 
of solids ander strain, two distinct periods, relative to 
their mechanical properties, have alone been recog 
nized. These periods are of course the elastic limit and 
the breaking point. In the course of M. Tresca’s own 
riments, however, he has found it n to con- 
r, at the end of the period of alteration of elasticity, 
ed and describable as 
to the possibility of 
e constant action of 


side 
a third state, Taye Gefin 
a period of fluidity, correspo 

er 


sound. 0 ] 
barometric theory of SirWm. Thomson. 8. Elasticity | the same strain. This condition is only re- 

i alized with very malleable or plastic bodies; and it may 
and density of the air. 9. Interferenee and beats. 10. prom, te om eaaecndinaae php he hgh 


The membrana tympani and the Gorti arches. 

Under the first head Dr. Mott stated that all experi- 
ments and photographs made to establish the existence 
of sound waves simply referred to the necessary agi- 
tation of the air accompanying any disturbance, such 
as would of necessity be produced by a vibrating body. 
and had nothing to do tly withsound. He stated 
that in the Edison telephone, sound was converted di- 
rectly into electricity without vibrat: any dia; anon 

nm . ng 0 
the mobility of the air, he said the particles were free to 
slip around and not practically be pushed at all, and 
that the greatest distance a steam whistle could affect 
the air would not exceed 30 feet, and the waves would 
not travel more than 4 or 5 feet a second, while sound 
travels 1,120 feet a second. Under heat and venciy of 
sound waves, Dr. Mott stated that Newton found by 
calculating the exact relative density and elasticity of 
air that sound,should travel only 916 feet a second, 
while it was known to travel 1,120 feet a second. 

Laplace, by a heat and cold theory, tried to account 


rtion of asound wave heat was generated. and in 


pear 
process of 
Fe hptieetbem od similar to those which are not malleable 
and brittle. There is an indication here of another 


argument against the testing 


gerated pressures 
effect of jenn 
sudden rupture. 


M. Tresca also protests against 
als under breaking strain tests 


ed 
its absence is noticeable in all non-malleable or fragile 
bodies, which break without be’ 
already known that the 
hard or tem 
In 1871 the author showed tbat steel or iron rails that 
had uired a 
perfectly chatie up eine limit of the load which the 
ad 


it is 
for 
n. 


deformed. 
elasticit 
than for 


E ong less 


steel 
ent set were at the same time 


already borne. With certain bars the same result 


was renewed five times in succession; and thus their 


od of perfect elasticity could be successively ex- 
ded, while the coefficient of epee | did not _ 
to sustain any eprseciette m cation. Th 


ted ing, when there is an absence 
certain hammering effect, renders malleable bod- 


of steam boilers by exag- 
before use, which process has the 
the plates more brittle and liable to 


the elongation of met- 
bei stated as a per- 





he neseed ion cold. was produced; the heat aug- 
menting Poasticity and therefore the sound waves, 


ce 
chi 


ing 
an Soe The elongation is in all cases 
fefly local; and is therefore the same for a test piece 
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, being confined to the imme- 
diate vicinity of the point of rupture. The indication 
of elasticity should rather be sought for in the redue- 
tion of the area of the bar at the point of rupture. This 

* portion of the bar is otherwise remarkable for having 
ost its original condition. It is condensed in a remark- 
able manner, and has almost completely lost its malle- 


ability. The final rupture, therefore, is that of a brittle 
zone of the metal, of sane character that may 
produced by hammering. Ifa test bar, strained almost 


to the verge of rupture, be annealed, it will stretch yet 
further before breaking; and, indeed, by successive an- 
nealings and stretchings, may be excessively modified 
in its proportions. 








THE HARRINGTON ROTARY ENGINE. 


THE chief characteristic or principle of this engine is 
the maintenance of an accurate steam and mechanical 
balance and the avoidance of cross P ngewe: The pow- 
er is applied directly to the work, the only friction being 


Fg. 


that of the steel shaft in phosphor-bronze bearings. 
Referring to the cuts, Fig. 1 shows the engine and an 
electric dynamo on the same shaft, all connecting me- 
chanism being done away with, and pounding obviated. 
There are but two parts to the engine (two disks which 
pr the place of all the ordinary mechanism), both 
of ‘which are large, solid, and durable. These disks 
have a bearing surface of several inches on each other, 
Ftc the passage of steam between them—a fea- 
ure uliar to this engine. Fig. 2 represents an end 
elevation partly in section, showing the piston, A, and 
the abutment disk, B, in the position assumed in the in- 
etant of me Me 7 through a port from the valve- 
i 


be | also secures the advantage Angee | 


rinciple. It has a uniform rota’ motion, and, like 
engine, is steam and mechanically balanced. The 
governor is located in the fly-wheel, and actuates the 
automatic cut-off, with which it is directly connected, 
without the intervention of an eccentric, in such a wa) 
as to vary the cut-off without ee poe the point of 
mission. ——_ means is secured uniformity of motion 
under variable loads with variable boiler pressure. It 
from high initial 
ressure with clearances and ab- 
sence of com n, giving a large proportionate pow- 
er and smooth action. 
Expansion has been excellently provided for, the steam 
passing entirely around before entering the cylinder. 
ese engines are mounted on a bed-plate which may 
be set_on any floor without especial preparation there- 
for. The parts are all made intere ble. 
manent indicator is provided which shows the exact 
int of cut-off. The steam-port is exceptionally large, 
ord one-fourth of the piston area. Reciprocating 


and low terminal 











chamber, E. g. 3 is a verti section through the 
center of Fig. 2, showing the relations of the disks, C, 
and the abutment disks, B, and gear. 
and gear are attached to the driving shaft, 


phosphor-bronze bearin 
wear or other causes by the screw-caps, O. 
mechanism is kept rigidly in place by the flanged hub, 
7, bolted securely to the cylinder head, F. These flang- 
ed heads project through the cylinder head, touchir 

the piston disk, and thereby prevent any end motion o 
the shaft, H, or its attachments. The abutment disks 





motion is entirely done away with. Thesteam is work- 


DETAILS OF HARRINGTON ENGINE. 


ed at the greatest leverage of the crank through the en- 
tire stroke. Among the other chief advantages elaim- 
ed for this engine are direct connection to the machinery 
without belts, ete., impossibility of getting out of line, 
uniform crank leverage, capacity for working ey 
well slow or fast, etc. It has but one valve, which is 
operated by gear from the shaft, as shown, traveling at 
one-half the velocity of the piston. 

With this engine a speed of 5,000 revolutions Pe min- 
ute is easily a tainable, while, as a matter of fact and 
curiosity, a # of 8,000 revolutions per minute has 
been obtained. An engine of this class was run at the 
Illinois Inter-State Exposition at Chicago for six weeks 
at a uniform speed of 1,050 revolutions per minute, fur- 


‘ nishing the power for twenty-three electric are lights, 
The piston disks | 
, and the | 
abutment disks and gear are attached to the shaft, K. | 
These shafts, H and K, as above stated, run in taper | large main-pipe, so there was no opportunity for an ex- | and therefore shows a very 
, which are adjustable for | act test of the amount of fuel u 
The whole | mathematical calculation it must have been develop- | — under different circumstances and over differ- 
en 


with a steam pressure not lager oe fifty-five pounds 
per square inch, and cutting off at from one-tenth to 
one-sixth of the stroke. It was taking steam from a 
, but from a careful 


one horse-power from three pounds of coal. 


| in 
ihe inventor claims that, as his engine works the 


steam guy A even better results would have been 
obtained had the engine been furnished steam at 100 
pounds per square inch. 


A per- | 


TESTING CAR VARNISHES. 
By PDP. D. RoBERTSON. 


AT se, Master Cos Pulocst waeeeiien, bP D. Rob- 
ertson, of the read lowing pa- 
on the best a of varnishes to ond 


secure 

most sat‘sfactory results as to their durability, giv- 
ing practical suggestions as to the time a car may safe- 
ly remain in the service before being taken in for re- 


varnishing: 
The subject which the association has to 
me for this convention has always been regarded as im- 


portant. There is no branch of the business which 
| gives hoo er more anxiety A swe. the v de- 
partment. more suscepti to an endless variet: 

of difficulties, and therefore needs more close and poo 





ful attention, than all other branches put together, and 
even with all the research and e 

which has been given to the subject we are yet from 
coming toa definite conclusion as to the causes of many 
of the unfavorable results. 





Beauty and durability are what we aim atin the paint 
shop, and from my experience in varnish work we may 
have beauty without durability, but we have rarely 
durability without beauty, so that the fewer defects of 
any kind in our work caused by inferior material, infe- 
rior workmanship, or any other cause, it. is more likely 
to be durable, and ou ht, therefore, to pengens Saas 
There are certain qualifications absolutely necessary 
durability in varnish. The material of which it is made 
must be of the proper kind, pure and unadulterated; 
, the manipulation in manufacturing must be correct ar 
to time, quantities, temperature, handling, etc., and age 
is also necessary. The want of durability arising from 
the quality of the materials, or from the manner of 
| manufacturing, the came as no control over; but 
| let me say here, that frequently a first-class varnish has 


| 





| been u upon a car, and after being in service for a 
|short time it deadens, checks, cracks, chips, or flakes, 
r record. e varnish 


is condemned, when in ity, had the varnish been 


work, the result would have been good and the dur- 


| 





| ability satisfactory. 

I am satisfied that in many cases first-class varnish 
has to bear the odium, when the root of the evil is to be 
found nearer the foundation. The leading varnish 





THE HARRINGTON ROTARY ENGINE COUPLED TO A DYNAMO. 


and shaft are furnished with similar inwardly project- | 
A flanged hubs, which are provided with 

. 2, on their periphery, located radially between the 
shaft, K, and the clearance space, J. Into this recess | 
steam is admitted— an inlet in the cylinder 
not shown in the cuts. By this means the shaft, K, is | 
relieved of all — The exhaust- which | 
is very large and 


ts) 
at which the engine is intended to run. The 





Weraes for which patent is pending, is new in 


a recess, I, | ton Street, Chicago, are the owners and 
| ers. 


analyst foun 

copper, a quantity sufficient to injuriously affect 
eves all bem reeset at | human health 

and disks are to at the insisted upon having green peas; and that 

mneans 

color. 


The Harrington Rotary Engine Company, .123 Clin- 
FP eenutaater- 


‘sold in Liverpool , | recent! the public 
two grains of erystallized aiebote of 


IN a can of 


. The defendant urged that the public 
ificial 


had to be resorted to to secure the required 


manufacturers of this country have expended large for- 
tunes to secure the best 


a to bring thelts to a. 
to do ev r ec- 
a Their saading® and respectabilfty put them be- 
Jeneed 5 eats to pat into the haniie of tage 
ue for ut in an 
consumers an inferior ,, aul even when we have 
the varnish, we —— to be 








charitable to attribute the mistake to - 
stances ge pe their control (for every kettleful is 
subjected to such circumstances), and not to charge 
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pps with using cheap or inferior material for the sake the intensity of the oe and the curves that are traced 
o 


the question which has been given me means to 
ve some method of testing before using, I confess = 
ty to answer. For varnish to ronoun 
“ durable ” must be com of the materials to make 
it so, and to ascertain this, chemistry must be called in 
to test it. Comparatively few painters understan 
chemistry sufficiently to analyze, and if they did, and 
found the material all that is necessary, the manipula- 
tion = have been defective, so as to injure its wear- 
ing qualities, and therefore I cannot suggest any way 
of pronouncing varnish durable before using it. 
to the common custom of hanging out pre- 
pared and varnished to the exposure of the sun and 
weather for months does not seem to me to be the cor- 
rect way of testing durability. It is true we may by 
this make get some idea of wearing properties, but the 
most thorough and correct way is to put the varnish to 
the same exposure, the tear and wear, that it would 
have in the lar service on the road on which it is to 
run. Cars while running are exposed to circumstances 
whigh boards on the wall are not subjected to. The 
cars under my charge run through two different coun- 
tries and three different States, and therefore subjected 
to such a variety of climate and soil that the testing by 
statio boards would completely fail to give the eor- 
rect result. For example: I have placed two sample 
boards, prepared and varnished, and exposed them to 
all kinds of weather and to the constant and stead 
rays of the sun for an equal length of time, and bot 
gave favorable results; and I have also put the same 
varnishes ona car and found very different results. One 
of the varnishes having some properties adapted to re- 
sist the friction caused by cinders, sand, and dust, and 
consequently not so liable to cut the surface, and there- 
fore mach more durable. 
The system which I adopted lo’ ago, and to which 
I still adhere (not on account of ‘ old fogyism,” but for 
want of better), is as follows: I have two varnishes 
which I want to put into competition to test their rela- 
tive merits. With varnish No. 1, I do the south half of 
the east end of the car and the east half of the south 
side of the car, the north half of the west end, and also 
the west end of the north side; thisis also done with the 
— varnish. On the other half of the car-varnish No. 
8 put. 
us you will see it is so placed that, should the 
car be turned at any time, both varnishes on each side 
will have the same exposure and circumstances to con- 
tend with. This I regard as the best method to test 
the durability of varnish. And again let me say that 
it would be wrong for me to argue that because the 
varnish which I use gives me the best results, therefore I 
would regard it the best for all to use. This would be 
wrong, inasmuch as we have a diversity of climates be- 
tween Maine and California, and between the extreme 
northern and southern States. The varnish which has 


show their direction. To finish the definition of the 
field, it remains to determine the direction of these 
lines of force. Such direction is, by definition, and con- 
ventionally, that in which the north pole of a small 
magnetic needle, free to move in the field, would 
travel. It results from this definition that the lines of 


d | force issue from the north pole of a magnet and re-enter 


the south pole, since the north pole of a magnet repels 
the north col of a needle, and vice versa. 
These considerations relative to the direction and in- 
tensity of the magnetic field are of the highest import- 
— or the physical theory of magneto-electric ma- 
chines. 
The following is another method of fixing phantor 
as employed by Prof. Baille, of the Industrial School 


of Physics and Chemistry of the City of Paris. He be- 
gins by forming the phantom, in the usual way, upon 
| paper prepa with ferrocyanide, and exposes it to 
| daylight for a sufficient length of time. The fil 
form a screen which is so much the more perfect in 
proportion as it is denser, and, after fixation, there is 
obtained a negative phantom, that is to say, one in 
which the parts where the field is densest have re- 
mained white. 

The same processes of fixation apply equally well to 
galvanic phantoms, that is to say, to the galvanic fields 
produced by the passage of a current in a conductor, 
and which consists of analogous lines of foree. The 





failed to give me satisfaction may be most suitable for | processes may be employed very efficaciously and with 


other parts of the Union. 

As to the second part of my subject, ‘“‘ What length | 
of time may a car safely remain in service before being 
taken in for revarnishing?” this must be regulated by 
the nature of the run and oe em treatment of the car | 
while in service. Through cars are frequently contin- | 
uously on the road, and little or no opportunity can be 
had to attend to them whilein service. Such cars should | 
be called in earlier than those which make shorter runs, | 
and where ample time is allowed at both ends of the 
journey to be kept in order. And again, cars which 
are run nearest the engine cannot make so large a 
running record as those less exposed. Some roads, for 
a variety of reasons which might be given, can run 
cars for 14 months with less wear than others can run 12 
months. So that I hold that the master painter on 
every road should keep a complete and correct record 
of his cars, and have an opportunity to examine these 
at intervals and report their condition, in order to have 
them called in before they are too far gone for revarnish- 
ing. If this system was more frequently adopted, the 
rolling stock of our roads would be more attractive, and 
the companies would be the gainers. 

I cannot lay down a standard rule as to the exact 
time a car should remain in service before being called 
in for revarnishing, but I find as a general rule with the 
ears on the Michigan Central Railroad that they should 
not exceed 12 months’ service, and new cars, or those 
painted from the foundation, should not be allowed to 
run over 10 months the first year. By thus allowing a 
shorter period the first year the car look better and 
wear longer by this mode of treatment. Cars treated 
in this way can be kept running for six and seven years 
without repainting. 








THE FIXATION OF MAGNETIC PHANTOMS. 


WHEN we place a thin sheet of cardboard or glass 
upon a magnet and scatter iron filings over it, we ob- 
serve the iron to take certain positions and trace cer- 
tain lines which Faraday has —— lines of magnetic 
force, or, more simply, lines of force. The figure, as a 
whole, which is thus formed constitutes a magnetic 

hantom. The forms of the latter vary with that of 

he nee, the relative positions of the magnet and 
plate, ete. 

The whole space submitted to the influence of the 

t constitutes a id, which is character- 

by the presence of these lines of force, and the 
study of which is of the most important character as 
electro-magnetic action and that of induction. 

In order to study these phantoms it is convenient to 
fix them so that they cam be ———— projected, or 
ay ary rg Fig. 1 shows how they may be fixed. 

‘o effect this, we cover the plate with a layer of muci- 
lage of guin arabic, allow the latter to en, and 
then place the plate over the magnet. Next, iron fil- 
ings are scattered over the surface by means of a small 
sieve, and, when the curves are well developed,* the 
surface is moistened by the aid of an ordinary vapor- 
izer. The layer of arabic thus becomes softened 
and holds the iron 


We have a le representation of the mag- 
netic field produced by the magnet in the plane of the 
sheet of The num of these 


flase or paper. 
es, or their density, is at every point proportional to 








Pp 
‘certainty of success.—La Nature. 





A CHIPPENDALE SIDEBOARD. 


OvR illustration this week is of a unique and hand- 
some piece of Chi ndale work. The outline is ele- 
gant, and the onrdliiags delicate. The pedestals are pe- 
culiar in their form, the panels being carved in draperies, 
ete. In the frieze are two drawers, with grot 
forming the handles. The back is fitted with shaped 
glass and surmounted by an eagle. The whole forms a 
very characteristic piece of work of the period, having 
been made about 1760-1770. As our readers are aware, 
Thomas Chippendale published his book of designs in 
1764, with the object of promoting good French design in 
this field of art. This piece of furniture was sold at auc- 
tion lately for 85 guineas.— Building News. 
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METHOD OF FIXING MAGNETIC PHANTOMS, 





LIQUEFACTION OF THE ELEMENTARY GASES. 
By JuLEes JAMIN, of the Institute of France. 


THE earlier experiments of MM. Cailletet and Raoul 
Pictet in the liquefaction of and the apparatus 
by means of which they performed the posta, ‘wane 
described in the Po 7 Seience Monthly, h 
and May, 1878. The experiments have since eon- 
tinued and improved upon by MM. Cailletet and Pic- 
tet, and others, with more onnene results than had 
been attained at the time the reports were pub- 
lished, and with the elucidation of some novel proper- 
ties of oe the disclosure of relations, previously 
not well understood, between the and the 
liquid condition. The riments of Faraday, in the 
compression of gases by combined agency of pres- 






sure and extreme cold, left six gases which still re- 
fused to enter into the liquid state. They were the two 
elements of the atmosphere (oxygen and nitrogen), 
nitric oxide, marsh-gas, carbonic oxide, and gine en 
Many new experiments were tried before the prince P e 
that governs the —- from the — to the liquid, 
or from the liquid to the us, form was discovered. 
Aime sank manometers filled with air into the sea till 
the pressure upon them was equal to that of four hun- . 
d atmospheres ; Berthelot, by the expansion of mer- 
cury in a thermometer tube, succeeded in exerting a 
pressure of seven hundred and eighty atmospheres upon 
cay een. Both series of experiments were without re- 

t. M. Cailletet, having fruitlessly subjected air and 
hydrogen to a pressure of one thousand Saag, “vom 
came to the conclusion that it was impossible to liquefy 
those gases at the ordinary temperature by pressure 
alone. Previously it had been thought that the obsia- 
cle to condensing gases by pressure alone lay in the 
difficulty of obtaining sufficient pressure, or in that of 
finding a vessel suitable for manipulation that would 
be capable of resisting it. M. Cailletet’s thought led to 
the discovery of another fundamental property of g " 

The experiments of Despretz and Regnault had shown 
that the scope of Mariotte’s law (that the volume of 
gases increases or diminishes inversely as the pressure 
upon them) was limited, and that its limits were differ- 
ent with different substances. Andrews confirmed the 
observations of these investigators, and extended them. 
Compressing carbonic acid at 13° C. (55° Fahr.), he 
found that the rate of diminution in volume increased 
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. © ‘The curves are obtained by striliing the plate lightly with s glass rod. 
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more rapidly than Mariotte’s law demanded, and at a 

rogressive rate. At ar atmospheres the all at 
once assumed the liquid form, became very dense, and 
fell to the bottom of the vessel, where it remained — 
rated from its vapor by a clearly defined surface, like 
that which distinguishes water in the air. Experi- 
menting in the same ed with the gas at a higher tem- 
perature (21° C. or 70° Fahr.), he found that the same 
result was produced, but more slowly ; and it seemed to 
be heraided in advance by a more rapid diminution in 
volume previous to the beginning of the ch , which 
continued after the process had been accomplished ; as 
if an anticipatory preparation for the liquid state were 

ing on previous to the completion of the change. 

erforming the experiment as 32° C. (90° Fahr.), 
the anticipatory preparation and the after-continua- 
tion of the contraction were more marked, and, instead 
of a separate and distinct liquid, wavy and mobile striw 
were perceived on the sides of the vessel as the onl 
signs of a change of state which had not been ef- 
fected. At temperatures above 32° C. (90° Fahr.), there 
were neither strie# nor liquefaction, but there seemed to 
be a suggestion of them, for, under a particular degree 
of pressure, the density of the gas was ——_ and 
its volume diminished at an increasing The tem- 
perature of 32° C. (90° Fahr.) is, then, a limit, — 
a division between the temperatures which permit 
those which prevent liquefaction; it is the critical 
point, at which is detined the separation, for carbonic 
acid, between two very distinct states of matter. Be- 
low this point, the particular matter may assume the 
aspect of a liquid ; above it, the gas cannot change its 
appearance, but enters into the opposite constitution 
from that of a liquid. ; 

Generally, a liquid has considerably greater density 
than its vapor. But, if a vessel containing both is 
heated, the liquid experiences a dilatation which is 
gradually augmented till it equals and even e 
that of the gas; whence, of course, an equal volume of 
the liquid will weigh less and less. On the other hand, 
a constantly larger quantity of vapor is formed, which 
accumulates above the liquid and mes heavier and 

eavier. Now if the density of the vapor increases, 
and that of the liquid diminishes, they will reach a 
point, under a suitable temperature, when they will be 
the same. There will then be no reason for the liquid 
to sink or the vapor to rise, or for the existence of any 
line of separation between them, and they will be 
mixed and confounded. They wil! no longer be dis- 
tinguishable by their heat of constitution. It is true 
that, in passing into the state of a vapor, a liquid ab- 
sorbs a great deal of latent heat, but that is employed 
in scattering the molecules and keepin, them at a dis- 
tance ; and there will be none of it if the distance does 
not increase. We are then, at this stage of our ro geha 
ments, in the presence of a critical point, at which we 
do not know whether the matter is liquid or gaseous ; 
for, in either condition, it has the same density, the 
same heat of constitution, and the same properties. 
is a new state, the gaso-liquid state. An experiment of 
Cagniard-Latour re-enforced this explanation of the 

henomena. Heating ether in cl vessels to high 

mperatures, he brought it to a point where the liquid 
could be made wholly to disappear, or to be suddenly 
reformed on the slightest elevation or the slightest de- 
pression of temperature accordingly as it was rai 
ie above or cooled to just below the critical point. 

he discovery of these properties suggested an expla- 
nation of the failure of previous attempts to liquefy 
air. Air at ordinary low temperatures is in the gaso- 
liquid condition, and its liquefaction is not possible ex- 
cept when a difference exists between the density of 
the vapor and that of the liquid ter than it is pos- 
sible to produce under any conditions that can exist 
then. It was necessary to reduce the coments to 
below the critical point ; and it was by adopting this 
course that MM. Cailletet and Raoul Pictet achieved 
their success. The rapid escape of the compressed gas 
itself from a condition of great condensation at an ex- 
tremely low temperature was employed as the agent 
for producing a greater degree of cold than it had been 
possible before to obtain. M. Cailletet used oxygen es- 
caping at —29° C. from a pressure of three hundred at- 
imospheres ; M. Raoul Pictet, the same gas escaping at 
—140° from a pressure of three hundred and twenty 
atmospheres ; and both obtained oxygen and nitrogen, 
and M. Pictet hydrogen, in what they thought was a 
liquid, and possibly even in a solid form. 

Still, it could not be asserted that hySesgen and the 
elements of the air had been completely liquefied. 
These gases had not yet been seen collected in the 
static condition at the bottom of a tube and separated 
from their vapors by the clearly defined concave sur- 
face which is called a meniscus. The experiments 
had, however, proved that liquefaction is possible at a 
tempeiature of below —120° C. (—184° Fahr.). To make 
the process practicable, it was only necessary to find 
sufficiently powerful refrigerants; and these were 
looked for among gases that had proved more refrac- 
tory than carbonic acid and protoxide of nitrogen. M. 
Cailletet selected ethylene, a hydrocarbon of the same 
composition as illuminating gas, which, when liquefied 
by the aid of carbonic acid and a pressure of thirty-six 
emeepheass boils at —108° C. (—158° Fahr.). M. 
Wroblewski, of Cracow, who had witnessed some of 
M. Cailletet’s experiments, and obtained his apparatus, 
and M. Olzewski, in association with him, also experi- 
mented with ethylene, and had the pleasure of record- 
ing their first complete success early in April, 1883. 
Causing liquid ethylene to boil in an air-pump vacuum 
at —103° C., they were able to produce a temperature 
of —150° C. (—288° Fahr.), the lowest that had ever 
been observed. Oxygen, having been es com- 
pressed in a glass tube, me a permanent liquid, 
with a clearly defined meniscus. It presented itself, 
like the other liquefied gases, under the form of a 
transparent and colorless substance, resembling water, 
but a little less dense. Its critical point was marked at 
—118° C. (—171° Fahr.), below which the liquid could 
be formed, but never above it ; while it boiled ney 
at —186° C. (—803° Fahr.). A few days afterward, the 
Polish professors obtained the liquefaction of ni 
a more refractory under a pressure of thirty-six at- 
mospheres, at —146° C. (—23i° Fahr.). Long, diffi- 
cult, and expensive operations were required to pro- 


duce this result, for the extreme ope of cold it de- 
manded had to be produced by boiling large quantities 
of ethylene in « vacuum. M. Cailletet devised a 


cheaper process, by employing another hydrocarbon 
that rises from the mud of marshes, and is called for- 


It | 


trogen, | high 
para 


It is less easily liquefied than ethylene, but for 
| that very reason can be boiled in the at a lower 
pwned i. at wae C. (—256° wane, . ane at Soe 
ure nitrogen oxygen can q a 
| Rh of formene as readily 2° ulphurous acid in the 
, common 


' mene. 


freezing mixture. 
MM. Cailletet, Wroblewski, and Olzewski have con-| and 


tinued their ex ts in liquefaction, and acquired 
| inereased facili yin the handling of liquid ethylene, 
| formene, atm i M 


heric air, oxygen, and nitrogen. , 
Olzewski was able to report to French Acadeiny of 
Sciences, on the 2ist of July, 1884, that by placing 
liquefied nitrogen in a vacuum he had suceeeded in 
| producing a temperature of —2i3° C. (—351° Fahr.), 
under which hydrogen was liquefied. Contrary to the 
suppositions founded on the metallic behavior of this 
element, that it would present the appearance of a 
molten metal, like mercury, the liquid had the mobile 
behavior and the transparency of the hydrocarbons. 








EXAMINATION OF FATS. 


THE methods employed up to the present in exami- 
nation of fats, animal and vegetable, are inere reactions 
lacking general ap ion; seattered throughout the 
literature, and doubtful with regard to reliability, they 
are of little or no value to the experimenter—an ap- 
| proximate quantitative examination even of a simple 

mixture being exceedingly difficult if not ——— 
since the qualitative composition of fatty substances is 
the same, and the separation of the nearer components 
impracticable. The object of analysis consisted in esti- 
inating the accompan. urities of fat, as, resin, 
albuminoids, and p' mts. The nature of these sub 
stances ds on the mode of extraction and preser- 
vation of the fat, and are subject in the course of time 
toalteration. Theonl n based upon the chemi- 
eal constitution of fat is produced by treatment of 
oleic or linoleic acid with nitrous acid, which therefore 
is of some value in the examination of drying oils. Of 
=— application are the methods which correspond 

the chemical constitution of fats, and thus determine 
the relative quantity of the components; advantage 
can then be derived from qualitative reactions, inas- 
much as they further affirm the result of the quantita- 
tive test, or dispel any doubt with regard to the cor- 
rectness of the result. The principal methods which 
cma with these demands have been carefully studied 
by Hueble for the purpose of discovering a process of 
general application ; methods founded on the determi- 
nation of density, freezing, and melting point were 
compared with those dependent on the solubility of 
fatty substances in glacial acetic acid or a mixture of 
alcohol and acetic acid ; also the method of Hehner for 
testing of butter, the determination of glycerine and 
oleic acid, and at length the process of saponification. 
| Nearly all fats contain members belonging to one of 
| the three series of fatty acids, e. g., acids of the type of 
acetic acid (stearic and palmitic acids); such as are 
derivatives of acrylic acid (oleic and erucic acids); aud 
such as are homologues of tetrolic acid (linoleic 
acid). It is likely that the relative quantity of each of 
these acids is variable, with regard to the same fat, 
| within definite limits, and changes with the nature of 
| the fatty substance. The groups of fatty acids are dis- 





raised tinguished by a characteristic deportment toward halo- 


ns ; while members of the first series are indifferent 
| to haloids, those of the second and third class combine 
| Teadily, without suffering substitution, with two re- 
| spectively four atoms of a haloid. In view of this be- 
| havior the first series is termed saturated, the second 
| and third that of unsaturated acids. Addition of halo- 
gen toone of the unsaturated acids yields on subse- 
|quent examination an invariable quantity of the 
ormer, representing two or four atoms, according to 
|one or the other of unsaturated groups; and as the 
molecular weights of fatty acids are unequal, the per 
centage quantity of halogen will be found varying with 
| regard to members belonging to the same series. The 
| amount of iodine absorbed by some of the fatty acids 
is illustrated by the following items : 


bi llic acid, C,,H 04, combines with 100°00 grammes. iodine. 
Olele acid, re: a . owe 


Erucic acid, CagHy20o 2 ° 2a |S a 
Ricinoleic acid, C,H ,03 ° *. ee ~ 
Linoleic acid,  CygH gO, “ “ 2159 “ “3 


Of the halogens employed in the examination, iodine 
is preferable to either chlorine or bromine; it acts but 
slowly at ordinary, but energetically at elevated tem- 
peratures. The reagents are solution of mercury lodo 
chloride prepared by dissolving of 25 grms. iodine, 500 
ce. ¢. alcohol of 95 per cent., and of 30 grms. me 
chloride in an equal measure of the same solvent; bot 
liquids = a and Pa ee : i“ a solution of 

iuin hyposulphite produ y digestion of 24 grms. 

of the dry salt with 1 liter water and titration with 
| iodine solution; solution of potassium iodide of 1: 10; 
chloroform, and finally a solution of starch. The above 
solution of mercury iodo-chloride acts on both free un- 
saturated acids and glycerides, producing addition pro- 
ducts. For testing a sample of 02 to 04 grm. of a 
| liquid, and from 0°8 to1°0 grm. of a solid fat being used, 
| Which is dissolved in 10 c. ¢. chloroform and treated 
with 20 ¢. c. mercury iodo-chloride solution run into it 
from a burette, if the liquid appear opalescent a fur- 
ther measure of chloroform is introduced, while the 
amount of mercury iodo-chloride must be such as to 
roduce a brow coloration of the chloroform for 
wo subsequent hours. The excess of iodine is deter- 
mined, on addition of form 10 to 15. ¢. potassium io- 
dide solution and 150 ec. ¢. distilled water, by means of 
caustic soda. From a burette divided into 01 ¢. ¢. a 
solution of caustic soda is poured with continual gyra- 
tion of the flask into the tinged liquid, and the per- 
cen of combined iodine ascertained by difference; 
for this purpose 20 c. c. of mercury iodo-chloride are 
tested, on introduction of a solution of potassium iodide 





ation of solid or semi-tiquid fate, ea lard, butter, 
ation of solid or semi-liquid fa’ utter, 
and tallow, with vegquanie oils are readily detected by 


this method, since the latter yield on examination a 
ecg meg of iodine. Animal fats, absorb com- 
tively less halogen than vegetable fats, and the 
power to combine with iodine increases with the transi- 
tion from the solid to the liquid state, and attains its 
maximum with vegetable oils—the method being 
adapted to the examinatien of fat mixtures containing 
glycerides and free saturated fatty acids, provided that 
su which under similar conditions combine 
with iodine are absent. These conditions are fulfilled 








to the examination of animal fats and soap. 


with 

Ethe oils are also acted upon y Agree. the reaction 

P similar to that observed in ordinary fat mix- 
ures. olic mereury i 


ride can pte 
be used with success in synthetical chemistry, as it al- 
lows determination of the free affinities of the rn 
conversion of unsaturated compounds into satu- 
rated chlorine-iodo addition prod —Rundschau. 








NOTES ON NITRIFICATION.* 
By R. WARINGTON. 


In the following brief notes I p: to consider in 
the first place the present position of the th of ni- 
trification, and next to give a short account of the re- 
sults of some recent experiments conducted in the 
Rohe Theor af Nirah cation —Th of ni- 

ification.—The uction 
trates in soils, and in waters Pha ten th sew- 


age, are facts thoroughly familiar to chemists. It is 
well known that ammonia, and various ni 

nous organic matters, are the materials from which 
nitric acid is produced. Till the commencement of 
1877 it was generally supposed that this formation of 
nitrates from ammonia or nitrogenous organic matter 
was the result of simple oxidation by the atmosphere. 
In the case of epee not wer yy that the action of 
the atmosphere was inte by the condensation of 
oxygen in the pores of the soil; in the case of waters no 
such assumption was ible. This theory was most 
unsatisfactory, as nei solutions of pure ammonia, 
nor of any of its salts, could be nitrified in the laborato- 
ry by simple ex to air. The assumed condensa- 
tion of oxygen in the pores of the soil also proved to be 
a fiction as soon as it was put by Schloesing to the test 
of experiment. 

a in 1877, two French chemists, Messrs. Schloesing 
and Mintz, Do owemys preliminary experiments show- 
ing that nitrification in sewage and in soils is the result 
of the action of an — ferment, which occurs 
abundantly in soils and in most impure waters. This 
entirely new view of the of nitrification has 
been amply confirmed the later experiments 
of Schloesing and Muntz, and by the investigations of 
other chemists, among which are those by myself con- 
ducted in the Rothamsted Laboratory. 

The evidence for the ferment theory of nitrification 
is now very complete. Nitrification in soils and waters 
is found to be strictly limited to the range of tempera- 
ture within which the vital activity of living ferments 
is confined. Thus nitrification proceeds with extreme 
slowness near the freezing-point, and increases in ac- 
tivity with a rise in temperature till 37° is reached; 
the action then diminishes, and ceases altogether at 55°. 
Nitrification is also dependent on the presence of plant- 
food suitable for a of low character. nt 
experiments at Rothainsted show that in the absence 
of phosphates no nitrification will occur. Further 
proof of the ferment theory is afforded by the fact that 
antiseptics are fatal to nitrification. In the presence 
of a small quantity of chloroform, carbon bisulpiide, 
salicylic acid, and apparently also phenol, nitrification 
entirely ceases. The action of heat is equally confirma- 
tory. Raisin g sewage to the boiling-point entirely pre- 
vents its undergoing nitrification. The heating of soi¥ 
to the same temperature effectually destroysits nitrify- 
ing power. Finally, nitrification can be started 
boiled sewage, or in other sterilized liquid of suitable 
composition, by the addition of a few particles of fresh 
surface soil or a few drops of a solution which has al- 
ready nitrified; though without such addition these 
liquids may be freely exposed to filtered air without 
nitrification taking place. 


The nitrifying organism has been submitted as yet to 
but little microscopical study; itis apparently a micro- 
coceus. 


It is difficult to conceive how the evidence for the 
——- - _ ene yn — be further 
strengthened; it is apparently complete in every = 
Although, however, nearly the anal of this evidence 
has been before the scientific public for more than seven 
years, the ferment theory of nitrification can hardly be 
said to have obtained any general acceptance; it has 
not indeed been seriously controverted, but neither has 
it been embraced. In a a single manual of chem- 
istry is the uction of saltpeter attributed to the ac- 
tion of a li ferment existing in the soil. Still more 
striking is the absence of any recognition of the evi- 
dence just mentioned when we turn to the literature 
and to the public discussions on the subjects of sewage, 
the pollution of river water, and other sanitary ques- 
tions. The oxidation of the nitrogenous organic matter 
of river water is still spoken of by some as determined 
by mere contact with atmospheric oxygen, and the agi 
tation of the water with air as a ce means of effect- 
ing oxidation; while by others the oxidation of nitro- 
genous organic matter in a river is denied, simply be- 
cause free contact with air is not alone sufficient ro- 
duce oxidation. How much light would immediately 
be thrown on such questions if it were recognized that 
the oxidation of organic matter in our rivers is deter. 
mined solely by the Sages of life, is strictly limited to 
those tions wi which life is ble, and is 
most active in those circumstances in which life is most 
vigorous. It is surely most important that scientific 
men should make up their minds as to the real nature 
of those processes of oxidation of which nitrification is 
an example. If the ferment wy | be doubted, let 
further experiments be a to a . —_ Fn — 
no longer on ignoring the w evidence w 
hae been nll ‘befone thean It is partl with the view 
of calling the attention of lish and ean chem- 
ists to the importance of a decision on this question 
that I have been induced to bring this subject before 


them on the present occasion. I need add that 
such results as the nitrification of sew y passing 
it sand, or the nitrification of dilute solutions 
of prepared without recaution, are 


no evidence whatever the ferment theory 
of nitrification. If it is to be shown that nitrifica- 


tion will occur in the absence of any ferment, it 
Resear” toe ‘experiments ce Sauer te 
¢ w m 
sterilized b the apparatus purified in a similar 
manner, all su uent access of eareful- 


ly guarded against. is only experiments made in 


*A by R. Warington, read before the Chemical Section of 
British Aneociation at Montreal, 
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this way that can have any weight in deci the 
: y weigh ding 


Leaving now the theory of nitrification, I will pro- 
ceed to say a few words, first, as to the distribution 
of the ni oO sm in the soil; secondly, as to 
the substances which are —— of nitrification; 
thirdly, upon certain conditions having great influence 


on the 

The Distribution of the Nitrifying Organism in the 
Sotl.—Three series of experiments have m made on 
the distribution of the nitrifying organism in the clay 
soil and subsoil at Rothamsted. Advantage was taken 
ee Pera — been du = one of the 
e mn ‘or the purpose of obtaining sam- 
ples of the soil and subsoil. Small quantities of soil 
were taken from freshly-cut surfaces on the sides of 
these —_ at depths varying from 2 inches to 8 feet. 
The removed was at once transferred to a sterilized 
solution of diluted urine, which was afterward examined 
from time to time to ascertain if nitrification took place. 


These experiments are hardly = completed; the two) 


earlier series of solutions have, however, been examined 
for eight and seven months respectively. In both these 
series the soil taken from 2 inches, 9 inches, and 18 inches 
from the surface has been proved to contain the nitrify- 
ing organism by the fact that it has produced nitrifica- 
tion in the solutions to which it was added; while in 
twelve distinct experiments made with soil from greater 
depths no nitrification has yet occurred, and we must 
therefore conclude that the nitrifying ism was not 
present in the samples of soil-taken. e third series 
of experiments has continued as yet but three months 
and a half; at present no nitrification has occurred with 
soil — — 9 — ~~ o oo - would 
pear, therefore, that in a clay soil the nitrifying or- 
Pp is confined to about 18 inchés from the tee nea 
it is most abundant in the first 6 inches. It is quite 
possible, however, that in the channels caused by worms, 
or by the roots of plants, the organism may occur at 
paar pe depths. In a sandy soil we should expect to 
the organism at a lower level than in clay, but of 
this we have as yet no evidence. The facts here men- 
tioned are in accordance with the microscopical observa- 
tions made by Koch, who states that the micro-organ- 
isms in the soils he has investigated diminish rapidly 
in number with an increasing depth; and that at a 
depth of scarcely 1 meter the soil is almost entirely free 
from bacteria. 

Some very practical conclusions may be drawn from 
the facts now stated. It appears that the oxidation of 
ni ous matter in soil will be confined to matter 
near the surface. The nitrates found in the subsoil 
and in subsoil drainage waters have really been pro- 
duced in the upper layer of the soil, and have been 
earried down by diffusion, or by a descending column 
of water. Again, in arranging a filter bed for the oxida- 
tion of sewage, it is obvious that, with a heavy soil ly- 
ing in its natural state of consolidation, very little will 
be gained by making the filter bed of considerable 
depth; while, if an artificial bed is to be constructed, 
it is clearly the top soil, rich in oxidizing organisms, 
which should be exclusively employed. 

The Substances Susceptible of Nitrification.—The 
analyses of soils and drainage waters have taught 
us that the nitrogenous humic matter resulting from 
the decay of plants is nitrifiable; also that the various 
nitrogenous manures applied to land, as farmyard 
manure, bones, fish, bl: rape cake, and ammonium 
salts, undergo nitrification in the soil. Illustrations of 
many of these facts from the results obtained in the 
experimental fields at Rothamsted have been publish- 
ed by Sir J. B. Lawes, Dr. J. H. Gilbert, and myself, 
in a recent volume of the Journal of the Royal i- 
cultural Society of ~ =, In the Rothamsted La- 
boratory, experiments have also been made on the ni- 
trification of solutions of various substances. Besides 
solutions containing ammonium salts and urea, I have 
sueceeded in nitrifying solutions of asparagine, milk, 
and rape cake. Thus, besides ammonia, two amides, 
and two forms of albuminoids have been found suscep- 
tible of nitrification. In all cases in which amides or 
albuminoids were employed, the formation of ammonia 
— the production of nitric acid. Mr.C. F. A. 

en has already published in the present year two 
series of experiments on the formation of ammonia and 
nitric acids in soils to which bone-meal, ey oy or 
stable manure had been applied; in all cases he found 
the formation of ammonia preceded the formation of 
nitric acid. 

As ammonia is so readily nitrifiable, we may safely as- 
sert that owe rw poet = epianee which yields Rg 
monia when ac upon by the organisms presen 
soil is aso nitrifiable. sf 

Certain Conditions having Great Influence in the 
Process of Nitrification.—If we suppose that a solution 
containing a nitrifiable substance is supplied with the 
nitrifying organism, and with the various food consti- 
tuents socom: Se its wth and page A the 
rapidity of ni tion will depend on a variety of 
@reurnstances: 

1. The degree of concentration of the solution is 
important. Nitrification always commences first in 
the weakest solution, and there is probably in the case 
of every solution a limit of concentration beyond which 
nitrification is im ble. 

2. The temperature has t influence. Nitrification 
proceeds far more rapidly in summer than winter. 

3. The presence or absence of light is important. Ni- 
trification is most rapid in darkness; and in the case of 
solutions, exposure to strong light may cause nitrifica- 

er. 


tion to cease . 
4. The presence of ox is of course essential. A 
wen reg rye fe ey | than a dee 
yer, 0 e roportion of oxygen avail- 
able. The fafaenee of depth of fluid is m pated 
ous in the case of strong solutions. 


5. The quantity of nitrifying organism present has 
a mazieadl choot. A solution aeeied aie av 

small amount of isin will for a long time exhibit 

mo nitrification, being (unlike some 


other bacteria) of very slow growth. A solution receiv- 
ing an abundant supply of the ferment will exhibit 


speed gene ne strong solutions may by this 
steams be suenenat y nitrified, which with small seed- 


would ve Vv refractory. The nitrifi- 
rend oes pty peal 


y 
=> ae ys ye any co! sp yet tried) 
probab ne e great mass of nitri or- 
which soil contains, and to the thinness of the 
guid layer which covers the soil particles, 


6. The nol of nitrification also depends on the 
cone of alkalinity of the solution. Nitrification will 
take place in an acid solution; it is essential that 
some base should be present with which the nitric acid 
may combine; when all available base is used up, nitri- 
fication ceases. 

It appeared of interest to ascertain to what extent ni- 
trification would proceed in a dilute solution of urine 
without the addition of any substance save the nitrify- 
ing ferment. As urea is converted into ammonium 
earbonate in the first stage of the action of the ferment, 
a supply of salifiable base would at first be’present, but 
would gradually be consuined. The result of the ex- 
periment showed that only one-half the quantity of 
nitric acid was formed in the simple urine solution as 
in similar solutions containing calcium and sodium car- 
bonate. The nitrification of the urine had evidently 
proceeded until the whole of the ammonium had been 
changed into ammonium nitrate, and the action had 
then ceased. This fact is of Fae gona importance. 
| Sewage will be thoroughly nitrified only when a suffi- 
| cient supply of calcium carbonate, or some other base, 
| is available. If, instead of calcium carbonate, a soluble 
| alkaline salt is present, the quantity must be small, or 
nitrification will be seriously hindered. 

Sodiuin carbonate to have a retarding influ- 
ence on the commencement of nitrification when its 
amout exceeds 300 milligrammes r liter, and upto 
the present time I have been unable to produce an ef- 
fective nitrification. in solutions containing 1°000 
gramme per liter. 

Sodium hydrogen carbonate hinders far less the com- 
mencement of nitrification. 

Ammonium carbonate, when above a certain amount, 
| also prevents the commencement of nitrification. The 
| strongest solution in which nitrification has at present 

commenced contained ammonium carbonate equiva- 
llent to 368 milligrammes of nitrogen per liter. This 
hinderance of nitrification by the presence of an excess 
| of ammonium carbonate effectually prevents the nitri- 
ficaticn of strong solutions of urine, in which, as al- 
ready mentioned, ammonium carbonate is the first pro- 
duct of fermentation. 

Far stronger solutions of ammonium chloride can be 
nitrified than of ammonium carbonate, if the solution 
of the former salt is supplied with calcium carbonate. 
Nitrification has in fact commenced in chloride of am- 
monium solutions containing more than two grammes 
of nitrogen per liter. 

The details of the recent experiments, some of the re- 
sults of which we have now described, will, it is hoped, 
shortly appear in the Jowrnal of the Chemical Society 
of London. 

Harpenden, July 21. 














ANILINE DYES IN DRESS MATERIALS. 
By Professor CHARLES O'NEILL. 


TWENTY-EIGHT years ago Mr. Perkin discovered the 
first of the aniline dyes. It was the shade of purple 
called mauve, and the chief agent in its production was 
bichromate of potash. This salt is not actively poison- 
ous, and no one thought of qevesas injurious Bader 
| perties to materials dyed with the aniline mauve. Next 
in chronological order came magenta red. It was first 
made from aniline by the agency of mercurial salts, 
|and afterward by that form of arsenic’*known to chem- 
|ists as arsenic acid. The fact that this at one time 
| fashionable color was prepared by means of an arsenical 
|ecompound was sp through the country in a very 
| impressive manner by the t trial as to whether the 
| patent was valid or not, all turning upon the expression 
in the specification of ‘‘dry arsenic acid,” and the dis- 
| putes of scientists whether this expression meant arsenic 
| acid with or without water. The public mind had been 
| for some time previously exercised and alarmed by ac- 
counts of sickness and debility caused by arsenical 
paper-hangings; it was, therefore, easy for udo 
scientists to create an opinion that the magenta dye 
must be also poisonous, and that persons wearing ma- 
terials dyed with this color were liable to absorb arsenic 
and suffer from its action. Ever since there have been, 
at intervals, statements more or less circumstantial, 
that individuals have suffered from wearing materials 
es with some of the artificial dyes. At the present time 
thesestatements are emphasi by the exibition at 
the Healtheries of models of skin said to be 
actually produced by the wearing of dyed ents. 
Whether it be true or not that any form of skin disease 
has been produced by the w of dyed articles of 
clothing is simply a question of evidence, and there 
is evidence enough to show that individuals have ex- 
perienced ill effects who have worn clothing dyed with 
artificial colors. But, as far as we know, there is an en- 
tirewantof any evidence that will satisfactorily show 
that the inconvenience suffered by wearers of these 
dyed goods has been a to the dyeing material. 
ears must elapse before chemists or physicians can 
hope to become meronanly informed of t Foe ba wa 
gical action produced by the cutaneous a tion 
of the thousands of new products which the inge- 
nuity and industry of technological chemists have 
made available for the manufacture of colors; they are 
also new to science, most of them very complex in their 
constitution, and so dissimilar to nppoang 4 studied 
compounds used by the “ee that it may be said we 
have nearly omvibing to learn conce their action 
upon the human economy. With respect to dyed wool- 
en and silk goods it is alost entirely a question as to 
the innocence or otherwise of the coloring matter itself, 
which in nine cases out of ten is an organic body con- 
taining no mineral matter of any sort, and not requir- 
ing the assistance of any mordant to enable it to dye. 
Considerations of arsenic, or antimony, or mercury ex- 
isting in the dyed stuffs are absolutely excluded. Ina 
few cases the dyestuff is a zinc compound, and zine in 





this metal is not known to be actively noxious. T 
made from fibers of animal origin do not require, and 
as a rule do not tolerate, the addition of any metal in 
dyeing with the artificial colors. and if the manufacture 
of the color uire the use of a metal, such as arsenic, 
which b fulness or carelessness is left in it when 
delivered to the dyer, the tendency of the animal fiber 
is to reject it, 

But the case with regard to textiles made from veg- 
etables fibers is quite different; upon materials 
from cotton, flax, jute, or other fiber of the vegetable 
kingdom, the new aniline colors cannot be fixed with- 





small traces may possibly be fixed by the material, but | to 





out the assistance of other bodies acting the ‘of 
mordants. Some of these bodies are actively 8 
in their nature, and introduce a possible element of 
r to the wearer of the dyed article. For man 
years, almost the only method of pen | cotton 8 
with the aniline colors consisted in a preliminary om 4 
ing ‘in sumac or tannic acid, followed by a n 
some suitable compound of tin, and subsequent dyeing 
in the coloring matter. Sumac and tin have been used 
for two hundred years or more as the dyer's basis for a 
considerable number of shades of color from old dye 
stuffs; there never has been the least suspicion that there 
was anything hurtful in colors so dyed. Sumac or 
tannic acid, in combination with alumina, may be held 
to be equally inoffensive; now it is a fact that the great 
bulk of cotton goods are dyed with the aniline colors 
by the agency of these harmless chemicals. But of late 
years the — of certain goods, and the calico printers 
— , have found an advantage in the use of tar 
emetic, and other compounds of antimony, to fix 
aniline colors; besides this, some colors are fixed in cal 
ico printing by means of an arsenical aluinina mordant; 
it need not be mentioned that antimony, as wel! as 
arsenic, is, when administered internally, an active 
pon in even small quantities, and that externally 
th are injurious under certain conditions. An alarm 
ist would require nothing further than this statement 
to feel himself justified in attributing everything bad 
to fabrics so colored; but the practical dyer or calico 
rinter knows that though he employs these poisonous 
ies in his business, and that some portion of them 
does actually eigener n gray A the dyed: material in its fin 
ished state, not only is the quantity excessively small, 
but that it is in such a state of combination as to be 
completely inert and innoxious. In the case of tartar 
emetic, itis the tannate of antimony which remains 
upon the cloth, a compound of considerable stability, 
and pea ony wm ty insoluble in water; in the case of a 
few colors fixed by the arsenical alumina. mordant, the 
arsenic is in an insoluble state of combination with the 
alumina, in fact, the poisons are in the presence of their 
antidotes, and not even the most scrupulous manufac- 
turer has any fear that he is turning out goods which 
ean be hurtful to the wearer. Persons quite unac- 
quainted with the process of dyeing are apt to think that 
8 are dyed by wae immersing them in a colored 
iquid and then rying them with all the color on them 
and all that the color contains; they do not know that 
in all usual cases of dyeing a careful washing in a plenti- 
ful supply of water is the final process in the dye-house, 
and that nothing remains upon the cloth which can be 
washed out by water, the color being retained by a 
sort of attraction or affinity between it and the fiber, 
or mene — the fiber. me , tor hong! 
or even the printing or staining of paper for han : 
where the vehicle and color in its entirety is enpiied 
and remains. It follows, therefore, that many chemicals 
used in dyeing have only a transitory use, and are 
washed away completely—such as oil of vitriol, much 
used in woolen dyeing—and that of others only a very 
minute quantity is finally left on the cloth, as is the 
os & antimony and arsenic in cotton dyeing and 
printing. 

There is evidently among working dyers, as among 
all other classes, an unknown amount of carelessness, 
ignorance, and stupidity, from which employers are 
constantly suffering in the shape of spoiled colors and 
rotted cloth. It is not for us to say that the public may 
not at times have to suffer also from neglect of the most 
common treatments which should remove injurious 
matters from dyed goods; what can be said is, that if 
the dyeing processes for aniline colors be followed out 
with ordinary care and intelligence, it is extremely im- 

robable that anything left in the material should be 
— to human health.—Manchester Tewxtile 








CASE OF RESUSCITATION AND RECOVERY 
AFTER APPARENT DEATH BY HANGING. 


By Ernest W. Wuits, M.B. Lond., M.R.C.P., 


Senior Assistant Medical Officer to the Kent Lunatic 
—— Associate, Late Scholar, of King’s College, 
ndon, 


THE following case, from its hopelessness at the out- 
set, yet ultimate recovery under the duly recognized 
forms of treatment, is of such interest as to demand 
publicity, and will afford encouragement to others in 


moments of doubt. 

M. A. S—-, fifty-three, was admitted into the 
Kent Lunatic Asylum at Chartham on Oct. 3, 1882, suf- 
fering from melancholia, the duration of which was 
sta’ to have been three months. She had several 
times attempted suicide by drowning and strangula- 
tion. She was on admission ordered a mixture contain- 
ing morphia and ether thrice daily, to allay her dis- 
tress. On Oct. 10 she attempted suicide by tying a 
stocking, which she had secreted about her person, 
round her neck. Shortly afterward, with sim in- 
tent, she threw herself downstairs. On Jan. 4, 1883, she 
attempted to st e herself with her apron. On the 
30th of November following, at 4 P.M, she evaded the 
attendants, and made her way to the bath-room of 
of No. 1 ward, the door of which had been left unfast- 
ened by an attendant. She then suspended herself 
from a ladder there by means of portions of her dress 
and underclothing tied together. A patient of No. 1 
ward discovered her ed from the ladder eight 
minutes after she had seen her in the adjoining 
watercloset, and gave the alarm. 

The woman was quickly cut down, and the medical 
officers summ: In interval cold affusion was 
resorted to by the attendant in charge, but the patient 
was to all appearan 


respiration by the Silvester method, A 
minute or so later the medical superintendent and 
myself joined him. At this time the condition of the 
patient was as follows: The face presented the ap- 
pearance —— Pa facies hi omy the eyeball 
were en corne y. widely 
Miateh, not acting to light, and there a reflex 
action of the conjunctive; the lips were livid, the tongue 
tumefied, but pallid, ‘the skin ashy . the cuta 
neous tissues apparently devoid of elasticity. There was 
an oblique depressed mark on the neck, more evident 
on the left side; the smell veins and capillaries of the 
surface of the body were turgid with coagulating blood: 


yeing is not like painting , 
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the surface temperature was extremely low. She was 
paren at the wrists and temples. ere was no de- 
te beat of the heart recognizable by the stetho- 


scope. 
. There was absolute cessation of all natural respira- 
tory efforts, complete unconsciousness, total abolition of 
reflex action and motion, and galvanism with the ordi- 
nary magneto-electric machine failed to induce mus- 
cular contractions. The urine and feces had been 
ag oy involuntarily during or immediately subsequent 
the act of suspension. As the stethoscope revealed 
that but a small amount of air entered the lungs with 
each artificial inspiration, the tongue was at once drawn 
well forward, and retained in that position by an assist- 
ant, with the result that air then penetrated to the 
smaller bronchi. Inspiration and expiration were arti- 
fically imitated about ten times tothe minute. In per- 
forming expiration the chest was thoroughly compress- 

. The lower extremities were raised, and manual cen- 
tripetal frictions freely applied. In the intervals of 
these applications warmth to the extremities was 
resorted to. 

About ten minutes from the commencement of arti- 
ficial respiration we noticed a single weak spasmodic 
contraction of the diaphragm, the feeblest ible ef- 
fort at natural respiration. Simultaneously, very dis- 
tant weak reduplicated cardiac pulsations, numbering 
about 150 to the minute, became evident to the stetho- 
scope. The reduplication implied that the two sides of 
the heart were not acting synchronously, owing to ob- 
struction to the pulmonary circulation indu by the 
asphyxiated state. Artificial respiration was steadily 
maintained, and during the next half hour spasmodic 
contractions of the diaphragm occurred at gradually 
diminishing intervals, from once in three minutes to 
three or four times a minute. 

These natural efforts were artificially aided as far as 
poems. At 5:45 P.M. natural respiration was fairly 

hough insufficiently established, the skin began to lose 
its deadly hue, and titillation of the fauces caused 
weak reflex contractions. Flagellation with wet towels 
was now freely resorted to, and immediately the natural 
efforts at respiration were increased to twice their previ- 
ous number. The administration of a little brand 
and water by the mouth failed, as the liquid entered 
the larynx. Ammonia was applied to the nostrils, and 
the surface temperature was increased by warm appli- 
cations and clothing. At 6 P.M. artificial respiration 
was no longer necessary. The heart sounds then num- 
bered 140 to the minute, the right and left heart still 
acting separately. A very small radial pulse could also 
be felt. At 6:45 P. M. the woman was put to bed, warmth 
of surface naintained, and hot coffee and beef-tea given 
in small quantities. 

Great restlessness and jactitation set in with the re- 
newal of the circulation in the extremities. An enema 
of two ounces of strong beef-tea was administered at 
10 P.M. The amount of organic effluvium thrown off 
by the lungs on the re-establishment of respiration was 
very great and tainted the atmosphere of the room and 
adjoining ward. The pupils, previously widely dilated, 
began to contract to light at 11 P.M. Imperfect con- 
sciousness returned at 5 P.M. the following day (Dec.1), 
and about an hour later she vomited the contents of 


the stomach (bread, etc., taken on Nov. 30). Small 
quantities of beef-tea were given 1 the mout eyes 
the night. At 9 A.M. air entered the lungs freely, an 


there were no mony tem of pulmonary engorgement 
beyond slight basic hypostasis; the pulse remained at 
140, and the heart sounds reduplicated; she was semi- 
conscious, very drowsy, in a state of mental torpor, 
with confused ideas when roused, and she complained 
of rheumatic-like pains all over her. 

The temperature was 100°2°; the facial expression 
more natural; the tongue remained somewhat swollen 
and sore; she was no longer restless; she took tea, beef- 
tea, milk, ete., well; the functions of the secreting or- 
gans were being restored; she perspired freely; had 
micturated; the mucous membrane of the mouth was 
moist, and there was a tendency to tears without cor- 
responding mental depression. The patient was or- 
dered a mixture of ether and digitalis every four hours. 
On December 2 the pulse was 136, and the heart sounds 
reduplicated. The following day she was given bro- 
mide o* potassium in place of the ether in the digitalis 
mixture. On the 4th the pulse was 126; reduplication 
gone. On the 6th the pulse was 82, and the tempera- 
ture fell with the pulse rate. She was well enough to 
get into the ward for a few hours. Her memory, esi 
cially for recent events, was at that time greatly im- 
paired. On the 12th she still complained of muscular 


pains like those of rheumatism. Apart from that, she | ins 


was enjoying good bodily health. 

A curious fact in connection with this case is that 
since this attempt at suicide she has steadily improved 
mentally, has lost her delusions, is cheerful, and em- 
pioys herself usefully with her needle. She converses 
rationally, and tells me she recollects the impulse by 
which she was led to hang herself, and remembers the 
act of suspension; but from that time her memory is a 
blank, until two days subsequently, when her husband 
came to see her, and when she oapenaeed great grief at 
having been guilty of such a deed. Her bodily health 
is now (June 30, 1884) more robust than formerly, an 
she is on the road to mental convalescence. 

Remarks.—The successful issue of this case leads me 
to draw the following inferences: 1. That in cases of sus- 
pended animation similar to the above there is no 
symptom by which apparent can be distinguished from 
real death. 2. That in artificial respiration alone do 
we the means of restoring animation when life 
is apparently extinct from asphyxia, and that, with the 
tongue drawn well forward and retained there by the 
hand or an elastic band, the Silvester method is com- 

lete and effective. 3. That artificial respiration may 

necessary for two hours or more before’ the restora- 
tion of adequate natural efforts, and that the perform- 
ance of the movements ten times to the wotinathe ia siniotr 
sufficient, and produces a better result than a more 
rapid rate, 4. That galvanism, ammonia to the nostrils, 
cold affusion, and stimulants by the mouth are practi- 
eally useless in the early s 9 : on the re- 
establishment of the reflex function we possess a 
power auxiliary agent in flagellation with wet 
wels, etc. 6. That centripetal surface frictions and 
restoration of the body temperature by warm ap- 
pliitations aid recovery. 7. That the heart, if free from 
organic disease, has great power of overcoming the 
distention of its right cavities and the obstruction to 
the pulmonary circulation, although its action may for 





a time be serious Gonenged, as evidenced by redupli- 
cation of its so . 8. t when the heart’s action 
remains excessively feeble, and the right and left heart 
fail to contract synchronously, it would be justifiable 
to open the external jugular vein. 9. That during re- 
covery the lungs are heavily taxed in purifying the vi- 
tiated blood, as shown by the excessive amount of or- 
ganic impurities exhaled. 10. That restlessness and jac- 
titation accompany the restoration of nerve function, 
and that vomiting occurs with returning consciousness. 
11. That i ike those of rheumatism are com- 
plained of for some days subsequently, these probably 
resulting from the sudden arrest of nutrition in the 
muscles. 
Chartham, near Canterbury. 
—Lancet. 


THE INVENTORS’ INSTITUTE. 


THE twenty-second session of the Inventors’ Insti- 
tute was opened on October 27, the chair being taken 
by Vice Admiral J. H. sah hon one of the vice-presi- 
dents, at the rooms of the institute, Lonsdale Cham- 
bers, 27 Chancery Lane, London. The chairman, in 
delivering the inaugural address, said that in the ab- 
sence of their president, the Duke of Manchester, it be- 
came his duty to open the session of 1885. The insti- 
tute having been established in 1862, this was their 
twenty-second anniversary. At the time of its estab- 
lishment a greater number of members were rapidly 
enrolled than they could now reckon, although a 
number had joined since the commencement of the 
present year. In 1862 a considerable amount of en- 





thusiasm on the peas of inventors had arisen, from the 
fact that at that time the leading journals had advocated 
the views of certain manufacturers as to sweeping away 
the patent laws, enacted anew in 1852, and with them 
the sole protection of the inventive talent and industry 
of the nation. This naturally caused much excitement 
and interest among those chiefly concerned, and a very 
numerous body of gentlemen associated themselves to- 
gether and formed an institute for the purpose mainly 
of resisting the aggression and inculcating views more 
in aecordance with true principles, as well as for ex- 
laining what were the true relations of inventive gen- 
us to the welfare of the state. He ho to be able to 
show strong reasons for this action, and for energetical- 
ly following it up in the future. Although on that 
evening there were many visitors present besides the 
members of the institute, yet he thought the subject 
could. be shown to be of such national importance that 
it might justly e the attention of mes assembly of 
Englishmen, to whatever mode of though bee might 
belong. The institute had persistently done its work 
ever since its formation. Sometimes it had failed to 
make itself heard, at others it had been more success- 
ful in so doing ; but the net result of its labors—and he 
did not fear to claim it as mainly due to those labors— 
had been to propagate and spread abroad a fact and a 
feeling pent | opposed to the false doctrines previous- 
ly current on the subject, namely, that among our most 
valuable laws were those which could excite the intel- 
ligence and reward the labors of the inventors of all 
nations. There were still those who wished to see the 
tent laws swept away, but their numbers had 
dwindled into a miserable minority, composed mainly 
of manufacturers who were so curiously short-sighted 
as not to see that all improvement in manufactures 
must come from inventive talent, or those who, still 
more blind, could not perceive that property created 
by brains was certainly not a monopoly, and deserves 
protection quite as much as any other form of posses- 
sion, in order that it may be developed by capital. He 
n scarcely waste time in pointing out the fallacy of 
refusing to pay for the seed corn of industrial ener 
for that fal , bit by bit, had been completely swept 
away, and last year the labors of the institute had 
been so far crowned with success that the President of 
the Board of Trade, in his place in Parliament, an- 
nounced his conviction that ‘‘ inventors were the crea- 
tors of trade, and ought to be encou and not re- 
pressed.” Such a conviction, forced home in such a 
uarter, nee to have produced a great and beneficial 
change in the legislation on the subject, and the hopes 
of inventors were that this would surely be the case; 
but when the bill appeared these hopes were considera- 
bly depressed, and now, after a year’s experience of the 
working of the changed law, scarcely any benefit ap- 
pears to have been obtained, beyond the meager con- 
cession that the heavy payments demanded, for an 
lish Dove may be made in installments 
ead of lump sums. Against this infinitesimal 
concession had to be set a number of disabilities 
which did not formerly exist, such as compulsory 
licenses, which disinclined the capitalist to invest in 
inventions, attempts to assimilate the provisional s 
cification to the complete, or to restrict the latter within 
the terms of the former, attempts to separate the - 
of an invention, and thus increase the number of pa- 
tents required to protect it, and many other minor an- 
noyances which would take too much time to explain 
fully. It was true that there was some extension of 
the time for payment—some such locus penitentie as 


d | would be accorded to any debtor by any creditor in the 


hope of getting the assets ; but the promised spirit of 
encouragement to inventors was not to be found in the 
bill ; it was still a boon which must be earnestly sought 
by the institute. 

He had said that the concessions granted were almost 
infinitesimal, yet a result had been obtained, ris- 
ingly confirmatory of the views always advoca by 
the institute as to the potentiality of the inventive 
talent of this nation were it released from its shackles. 
While in former years the highest number of patents 
taken out had slowly risen to the number of five to six 
thousand per annum, in the year now expiring it had 
bounded to more than three times five thousand—had 
at one leap reached an equality with the patents of the 
United States, where only £4 (}20) was d for a pa- 
tent for seventeen years, instead of £175, as in Great 
Britain, for a term of fourteen — Ifin the future 
we could hope to persuade the legislators to be content 
with no heavier tax than in the United States had 
yielded a heavy surplus over ex of a well-conduct- 
ed Patent ce, he did not fear to assert that the 
number of patents taken out in this country would 
again be trebled, and that trade and ind 
be correspondingly animated and developed. The re- 
sult of the wiser patent law of the Uni States had 
been to flood our markets with well-manufactured yet 





cheap articles from that country which might have 
been equally well made by our artisans at home had 
invention not been subject to such heavy restrictions, 
and had technical skill equally sure of its reward. 

The business of the institute in the future was not to 
rest satisfied with the proposition of Mr. es eee 


but to lead him or his successors forward by 
legitimate means toward the necessary of 
that proposition. If inventors were indeed the creators 
of trade, then the President of the Board of Trade was 
bound to see, not only that they were not prevented 
from creat trade, but that they received ev fa- 
cility in performing their work. Hence all comelians 
should be used to convince the Chancellor of the Ex- 
chequer that a less tax may produce a ter income; 
to persuade the legal authorities that this description 
of a ek of all others, most deserves the protection 
prong aw. —- ey erate — of ~ -—_ 

8, no person i of an e 
aagptere owned, and the wealth of Andre A might 

indefinitely increased by means of it. Not many 
mighty, not many noble, received this gift, but it was 
the inexhaustible heritage of the humble, it was the 
rich reward of the intelligent of all races that peopled 
the earth. To whomsoever given, this gift was intend- 
ed to contribute to the health and the wealth of the 
human race, for the bringing into existence new = 
ducts, for their utilization for the encouragement of 
the general intelligence of the nations, and for the 
lightening of the burdens of the poor. It would also 
eause technical education to be more highly valued as 
a means to an end—for true inventive genius was never 
so likely to succeed as when it passed from the summit 
of the known to the confines of the possible, when, 
having learnt and appreciated what predecessors had 
accomplished, it went earnestly to work to solve the 
next gry eee to remove the next obstacle on the path 
which to them had proved insurmountable. 

More beneficial than any other change whatever in 
our legislation would be a full and cordial recognition, 
a complete and efficient protection, of property created 
by thought. Then the humblest individual in the land 
might have confidence that he could call into existence 
me sed not inferior in value to that of the richest 

andowner, the most successful merchant, or the most 
wealthy manufacturer, in the whole world. As an in- 
stance of this Admiral Selwyn metioned two prominent 
cases orising out of the pursuit of two widely differing 
branches of knowledge, in the one case by an outsider, 
in the other by a specialist. He referred to Sir H. Bes- 
semer, one of his valued coll es in the vice-presi- 
dency of the institute, and Mr. Perkins, the discoverer 
of aniline dyes. In each of these instances, whatever 
might have been the results to the inventors, and he 
hoped they had been satisfactory, a sum which might 
be estimated at twenty millions sterling annually, con- 
stantly on the increase, and never before existing, had 
been added to the income-tax-paying wealth of the 
eountry. With such a result arising from the —~, 
ment of only two inventions, he thought it would 
seen that he must be a most ignorant, foolish, or ob- 
stinate Chancellor of the Exchequer who would refuse 
to allow such property to be created by requiring 
hea reliminary payments, or in any way disco 

or fail to encourage to the utmost of his power the 
creation of property which was capable of producing 
such a result—a result which he would in vain seek for 
did he rely on landed ——y alone, since this, in the 
hands of whomsoever it might be, never could largely 
increase in extent, and was subject at this moment to 
serious depreciation in tax-pa’ wer. , 

The exertion of intelligence, combined with a sense 
of security in its pecuniary results, was in itself op- 
posed to loose notions of proprie’ rights, and tended 
0 diminish that coveting of neighbors’ goods which 
was the fertile source of vice and crime, and which was 
eapable of breaking down the stro and most 


wealthy community if indulged, till at society was 
resolved into its elements, and when nothi else was 
left as property, man, the savage, coveted the scalp of 


his fellow man, and triumphed over a lock of hair 
from his bleeding skull. 

Invention was an ennobling pursuit, and was, even 
among those who were not also handworkers, a means 
of employment which never left dull or idle hours, 
while to the handworker it meant more, for it offered 
the most ready means of rising among his fellows, and, 
where invention received —— protection, of securing 
a competence for old age or ill health. Not only, ashe 
had before said, did the results of invention cause no 
loss to any other individual, unless by displacing infe- 
rior me of working, but in most instances some 
distinct benefit arose to the whole human race, and 
unless this was the case the patented invention failed 
to obtain recognition, soon died out, and left the field 
clear for others to pay oe 

He regretted that so few results had been obtained 
from the Patent Bill of last year, but he would briefly 
refer to some of the changes thought desirable by in- 
ventors and by the council of the tute. 

No one could deem it desirable, it could scarcely be 
thought reasonable, that an Eng who was call- 
ed upon to pay in the United States £7 for a valid pa- 
tent for seventeen years should be still o in hi 
own country to pay £175 for a less term of a patent 
which does not convey anything but a it to go to 
law. It was also not reasonable to pretend by a deed 


to convey a —— right while the power 
to grant ccupuloary icenses, which must d 


o de- 

stroy the value of such t. 
It was a reproach to tive a en ho 
e 


of proceeding to wi a patent, once granted, should 
be allowed than a suit for evocation to the crown, on 


fet 
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As regards the laboratories, it is allowable to say that 
they constitute the first great school of experimental 
chemistry in France. The first year laboratory consists 
of a series of tables, provided with hap acer J hoods, 
at which a series of, pupils will study general chemistry 
experimentally. Electricity, and gas and water cocks 
are within reach of each operator, and all the deleteri- 
ous emanations from the acids that are used or are pro- 
cone in studying a body will escape through the 

oods. 

The third year laboratory is designed for making 
commercial analyses. These latter are made by either 
dry or wet way. The first method employs water 
chiefly as a vehicle, and alkaline solutions as mts. 
The second employs a in adry state, and the ac- 
tion of which uires p and furnace heat. The 
furnaces employed in the new school are like those al- 
most exclusively used industrially for the analysis of 


ores. The tables upon which analyses by dry way are 
= are large enough to allow sixteen pupils to 
work. 


Analyses by wet way are made upon tables, with va- 
rious sorts of vessels. — 7 water, gas, and elec 
tricity, the pupils have at their disposal a faucet from 
whence they may draw the hydrosulphuric acid which 
is so constantly used in myn ome | operations. 

The architect of the new school is Mr. Denfer. 


(Narune.) ae 
RESEARCHES ON THE ORIGIN AND LIFE-HIS- 
TORIES OF THE LEAST AND LOWEST LIVING 


THINGS. 
By Rev. W. H. Datiinerr, LL.D. 


To all who have familiarized themselves, even cursori- 
ly, with modern scientific knowl , it is well known 
that the mind encounters the infinite in the contempla- 
tion of minute as well as in the study of vast natural 
phenomena. The farthest limit we have reached, with 
the most gigantic standard of measurement we could 
well employ, in gauging the greatness of the universe, 
only leaves us with an overwhelming consciousness of 
the awful greatness—the abyss of the infinite—that lies 
beyond, and which our minds can never measure. The 
indefinite has a limit somewhere; but it is not the in- 
definite, it is the measureless, the infinite, that vast ex- 
tension forces upon our minds. In like manner, the 
immeasurable in minuteness is an inevitable mental 
sequence from the facts and phenomena revealed to us 
by a study of the minute in nature. The practical 
divisibility of matter disclosed by modern physics may 
well arrest and astonish us. But biology, the science 
which investigates the phenomena of all living things, 
is in this matter no vhit behind. The most universal- 
ly diffused organism in nature, the least in size with 
which we are definitely acquainted, is so small that 
fifty millions of them could lie together in the one-hun- 
dredth of an inch ee. Yet these definite living things 
have the power of locomotion, of ingestion, of assimila- 
tion, of excretion, and of enormous multiplication, and 
the material of which the inconceivably minute living 
speck is made is a highly complex chemical compound. 

e dare not attempt a conception of the minuteness of 
the ultimate atoms that com the several simple 
elements that thus mysteriously combine to form the 
— substance and properties of this least and low- 
liest living thing. But if we could even measure these, 
as a mental necessity, we are urged indefinitely on to a 
minuteness without conceivable limit, in effect, a min- 
uteness that is beyond all finite measure or conception. 
So that, as modern physics and optics have enabled us 
not to conceive merely, but to actually realize, the vast- 
ness of spatial] extension, side by side with subtile tenuity 
and extreme divisibility of matter, so the labor, enthusi- 
asm, and perseverance of thirty years, stimulated by 
the insight of a rare and master mind, and aided by 
lenses of steadily advancing perfection, have enabled the 
student of life-forms not simply to become of 
an inconceivably broader, deeper, and truer knowledge 
of the great world of visible life, of which he himself is 
a factor, but also to open up and penetrate into a 
world of minute living things so ultimately little that 
we cannot adequately conceive them, which are, never- 
theless, perfect in their adaptations and wonderful in 
their histories. These organisms, while they are the 
least, are also the lowliest in nature, and are to our 
present capacity totally devoid of what is known as or- 
ganic structure, even when scrutinized with our most 
powerful and perfect lenses. Now these organisms lie 
on the very verge and margin of the vast area of what 
we know as living. They possess the essential pro- 
perties of life, but in their most initial state. And their 
numberless billions, springing every moment into exist- 
ence wherever putrescence ———s led to the ques- 
tion, How do they originate ? Do the 
from the highest point on the area of éfe, which they 
touch ? Are they, in short, the direct product of some 
yet uncorrelated force in nature, ———_ the dead, 
the unorganized, the not-living, into de nite forms of 
life ? Now this isa profound question, and that it is a 
difficult one there can be no doubt. But that itisa 
Px pew for our laboratories is certain. And after care- 

ul and prolonged experiment and research the legiti- 
mate question to be asked is, Do we find that, in our 
laboratories and in the observed processes of nature 
now, the not-living can be, without the intervention 
of living things, changed into that which lives ? 

To that question the vast majority of practical biolo- 
gists answer without hesitancy, Vo, we love no facts to 
justify such a conclusion. Prof. Huxley shall represent 
them. He says: ‘‘ The properties of li matter dis- 
tinguish it absolutely from all other kinds of t . 
and, he continues, ‘‘ the present state of our knowieage 
furnishes us with no 
not-living.” Now let us carefully remember that the 
great doctrine of Charles Darwin furnished biol 
with a magniticent ralization ; one indeed whi 
stands upon so b & basis that great masses of de- 
tail and many needful interlocking facts are, of neces- 
sity, relegated to the quiet workers of the present and 
the earnest laborers of the to come. But itisa 
doctrine which cannot be shaken. The constant and 
universal action of variation, the struggle for existence, 
and the “‘survivai of the fittest,” few who are compe- 
tent to will have the temerity to doubt. And to 
inany, that lies within it as a doctrine, and forms the 


y spring up de novo | 
| asingle particle of protoplasm should once have appear- 


between the living and the | rela 


animal, the lowliest organized and the most complex, 
the minutest and the largest, are related to each other 
so as to constitute one majestic organic whole. Now 
to this splendid continuity practical biology presents 
no adverse fact. Al] our most recent and most accurate 
knowledge confirms it. But the question is, Does this 
continuity terminate now in the living series, and is 
there then a break—a sharp, clear discontinuity, and 
beyond, another realm immeasurably less endowed, 
known as the realm of not-lifet? or Does what has been 
taken for the clear-cut boundary of the vital area, 
when more deeply searched, reveal the presence of a 
foree at present unknown, which changes not-living in- 
to the living, and thus makes all nature an unbroken 
sequence and a continuous whole? That this is a great 
question, a question involving issues, will be seen 
by all who have familiarized ves with the 
thought and fact of our times. But we must treat it 
= ir a + nomaverh yl —— . casth it - one of 

ejirst & u e a ques- 
tion of whathee there ioeay natural force ante an fork 
building not-living matter into li forms. Nor have 
we to determine whether or not, in the indefinite past, 
the not-vital elements on the earth, at some point of 
their highest activity, were endowed with, or became 

of, the properties of life. 

On that subject there is no doubt. The elements 
that compose erty wn io physical basis of all liv- 
ing things—are the familiar elements of the world with- 
out life. The mystery of life is rot in the elements that 
compose the vital stuff. We know th all, we know 
their properties. The mystery consists solely in how 
these elements can be so combined as to acquire the 
transcendent pro jes of life. Moreover, to the in- 
vestigatorit is not a question of by what means matter 
dead—without the mer of a vital quality—became 
either slowly or suddenly possessed of the p ies of 
life. ne for us to know that whatever the power 
that wrought the change, that power was competent, 
as the issue proves. But that which calm and patient 
research has to determine is whether matter demon- 
strably not living can be, without the aid of organisms 
al y living, endowed with the properties of life. 
Judged of hastily, and apart from the facts, it may a 

to some minds that an origin of life from not-life, 

y sheer physical law, would be a great philosophical 
gain, an indefinitely strong support of the doctrine of 





| evolution. If this were so, and, indeed, so. far as it is 
| believed to be so, it would speak and does speak vol- 
| umes in favor of the spirit of seience pervading our age. 
| For although the me majority of biologists in Europe 
and America accept the doctrine of evolution, they are 

almost unanimous in their refusal to accept as in any 
| sense competent the reputed evidence of ‘‘ spontaneous 
| generation ;’ which demonstrates, at least, that what 
| is sought by our leaders in science is not the mere sup- 
| port of hypotheses, cherished though they may be, but 
| the truth, the uncolored truth, from nature. But it 
must be remembered that the present existence of what 
has been called ‘‘spontaneous generation,” the origin 
of life de novo to-day, by physical law, is by no means 
required by the doctrine of evolution. Prof. Huxley, 
for example, says: “If all be | ey have been 
evolved from pre-existing forms of life, it is enough that 


,ed upon the globe, as the result of no matter what 
ney ; any further independent formatioa of proto- 
| plasm would be sheer waste.” And why? we may ask. 
sause oné of the most marvelous and unique pro- 
age of protoplasm, and the living forms built out of 
t, is the power to multiply indefinitely and for ever! 
What need, then, of spontaneous generation ? It is cer- 
tainly true that evidence has been adduced purporting 
to support, if not establish, the origin in dead matter 
of the least and lowest forms of life. But it evinces no 
prejudice to say that it is inefficient. For a moment 
study the facts. The organisms which were used to 
test the point at issue were those known as septic. 
The vast majority of these are inexpressibly minute. 
Thesmallest of them, ind is so small that, as I have 
said, fifty millions of them, if laid in order, would only 
fill the one-hundredth of a cubic inch. begas' Sosy, 
tively larger, but all are supremely minute. Now, 
these o are universal 


: » y — in enormous 
numbers, and ever rapidly increasin 
S of the globe. 


” 


all moist pu- 
trefactions over the surface 
Take an illustration prepared for the purpose, and 


taken direct from nature. A vessel Fond drinking 
water was taken d the month of July at a temper- 
ature of 65 deg. F., and into it was d a few shreds 


of fish muscle and brain. It was left uncovered for 
twelve hours ; at the end of that time a small blunt rod 
was inserted in the now somewhat opalescent water, 
and a minute drop taken out and 





fibre of its fabric, is the existence of a continuity, an 
unbroken stream of unity running from the base to the 
apex of the entire organic series. The plant and the 





properly placed on 
the microscope, and, with a lens just competent to re- 
veal the ateet on pha The field of view 


bacteria, fused together in living glue—the whole field 
was teeming with action ; each minute organism gyrat- 
ing in its own path, and darting at every visible t. 
The same fluid was now left for sixteen hou once 
more a minute drop was taken exam with the 
same lens as before. The field presented to the eye is 
de Hen in Fig. 1, B, where 4y is visible that howe) the 
rs) organism persists a new organism aris- 
en in and invaded the fluid. It is a relatively long and 
pe gegen —— he and now the movement in the 
e entrancing. e oO organism darts 
its vigor and "aad ocenaltn elt Gweciooas 
But the spiral Eems revolving on their axes glide like a 
flight of swallows over the ample area of t little sea. 
Ten hours more elapsed and, without change of cireum- 
stances, another drop was taken from the now palpably 
utrescent fluid. e result of examination is given in 
ie 1, C, where it will be seen that the first organism is 
still abundant, the spiral o is still present and 
active, but a new and oval form, not a bacteri but 
a monad, has a . And now the intensi i 
— —_, bag mee bod myer bg way bes ld 
utter efy description, ng, ’ nning, 
wheeling rebounding, with the swiftness of the gray- 
ling and the beauty of the bird. Finally, at the end of 
another eight to sixteen hours, a final “‘ dip” was taken 
from the fluid, and under the same lens it presented as 
a field what is seen in Fig. 1, D, where the largest of 
the putrefactive organisms has appeared and has even 
more intense and more varied movements than the 
others. Now the question before us is, ‘‘ How did these 
organisms arise ?” The water was pure; they were not 
discoverable in the fresh muscle of fish. Yet in a doz- 
en hours the vessel of water is peopled with hosts of in- 
dividual forms which no mathematics could number! 
How did they arise? From universally diffused 
or from the direct physical change of dead matter into 
living forms? Twelve years the life-histories of these 
forms were unknown. We did not know pene ew f 
how they develo And yet with this great defici- 
ency it was considered by some that their mode of origin 
could be determined by heat experiments on the adult 
forms. Roughly, the method was this: It was asswned 
that nothing vital could resist the boiling point of water. 
Fluids, then, ee a organisms in enorm- 
ous multitudes, chiefly teria, were placed in flasks, 





and boiled for from five to ten minutes. While they 





the necks of the flasks was hermeticall 
the flask was allowed to remain unopen 
The reasoning was: “ Boiling has 


were em ¢ 
closed ; an 

for various periods. 
killed all forms of vitality in the flask ; by the herme- 


tical sealing nothing ving ean gain subsequent access 
to the fluid ; therefore, if living organisms do appear 
when the flask is opened, they must have arisen in the 
dead matter de novo by ntaneous generation, but if 
they do never so arise, the probability is that they 
originate in res or eggs.” 
ow it must be observed concerning this method of 
inquiry that it could never be final; it is incompetent b 
deficiency. Its results could never be exhaustive until 
the life-histories of the organisins involved were known. 
And further, although it is a legitimate method of re- 
search for jal results, and was of necessity em- 
loyed, yet it requires precise and aceurate pn 
ion. A thousand possible errors surround it. It can 
only yield scientific results in the hands of a master in 
ph experiment. And we find that when it has 
secured the requisite skill, as in the of Prof. Tyn- 
dall, for example, the result has been the irresistible 
deduction that living things have never been seen to 
originate in wpe oto Reg meet Then the ground is 
cleared for the strictly biological inquiry, How do they 
originate? To answer that question we must study the 
life histories of the minutest forms with the same con- 
thoroughness with which we study the de- 
t of a crayfish or a butterfly. ulty 
in the way of this is the extreme minuteness of the or- 
Merete zines is Whe ae 
years the 
structure of the most powerful 


: make the h reaches of 
to all, I would make this 


But to do so I must begin with familiar objects, ob- 





presented is seen in .1, A. But—with the exception 
of the dense masses which are known as zooglwa or 


jects used solely to convey good relative ideas of minute 
dimension. | with small objects with the actual 
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size of which you are familiar. All of us have taken a 
naked eve view of the sting of the or honey bee; 
wo haven dus connention of din cian. thie is the scab- 
bard or sheatb which the naked eye sees.* Within this 
pa by | the scabbard i poedrr ey a 
more y is pre- 
Ms One of the 
barbed is also seen. Now these 
barbed specans ween am conning os Ue sat 
ons, .,. This fn a meurvois of pemon, and Die the gland 
sac, C. & Teserv' poison, and Dis the 
ee Se * t this to you, not 
or its own sake, but y for the comparison, a com- 
which struck the earliest microscopists. Here 
SS ees 
ow point, as 2 act O' ng; 
the other is free to show its form. Now the actual 
pay a of this seabbard in nature was the one-thirtieth of 
aninch. I have taken the point, C, of a fine cambric sew- | 
ing needie, and broken it off to slightly less than the | 
one-thirtieth of an inch, and 1 ed it as the stin, 
is magnified. Now here we ob an instance of wha 
I mean by magnification. The needle point is not | 
nuers , unsuspected details start into view. The | 
st not simply enlarged, but all its structure is re-| 
vealed. Nor can we fail to note that the finish of art 
differs from that of nature. The homogeneous gloss of 
the needle disap under the fierce scrutiny of the 
lens, and its delicate point becomes furrowed and riven. 
But Nature’s finish reveals no flaw, it remains perfect 
to the last. 

We may readily amplify this. The butterflies and 
moths of our native lands we all know; most of us have | 
seen their minute Many are quite visible to the 
unaided eye; others are extremely minute. A gives the 
egg of the small white butterfly;+ B, that of the small | 
tortoiseshell; C, that of the waved umber moth; D, | 
that of the thorn moth; E, that of the shark moth; at) 
F we have the delicate egg of the small emerald butter- | 
fly, and at G an American skipper; and finally, at H, 
the egg of a moth known as mania maura. In all this | 
you see a delicacy of symmetry, structure, and carving. 
not accessible to the eye, but clearly unfolded. e| 
may, from our general owledge, form a correct no- | 
tion of the ave relation in size existing between | 
butterflies and their eggs; so that we can com { 
Now there is a group of extremely minute, insect-like | 
forms that are the ites of birds. Many of them 
are just plainly visible to the naked eye, others are too | 
minute to be clearly seen, and others yet again wholly | 
elude the unaided sight. The epizoa generally | 
themselves in various parts of the plumage of birds; 
and almost every group of birds becomes the host of 
some specific or varietal form with distinct yey 

here is here seen a parasite that secretes itself in the | 
inner feathers of the peacock, this is a form that attacks | 
the jay, and here is one that secretes itself beneath the 
plumage of the partridge. 

Now these minute creatures also de 


posit eggs. They | 
are placed with wonderful instinct in the part of the | 
plumage and the part of the feather which will most 
conserve their safety; and they are either glued or fixed 
by their shape or by their —— in the position in which 
they shall be hatched. I show here a group of the eggs | 
of these minute creatures. I need not call your atten- 
tion to their beauty; it is palpable. But I am fain to| 
show you that, subtle and refined as that beauty is, it is | 
clearly brought out. The flower-like beauty of the eng 
of the peacock’s parasite, the delicate symmetry an 
subtle carving of the others, ey entrance an observ- 
er. Note then that it is not merely enlarged specks of | 
form that we are beholding, but such true aw ery ed 
tions of the objects as bring out all their subtlest de- 
i And it is this quality that must characterize our 
most powerful lenses. I am almost compelled to note 
in passing that the beauty of these delicate and minute 
objects must not be considered an end—a purpose—in 
nature. It isnotso. The form is what it is because it | 
must be so to serve the end for which the egg is formed. | 
There is not a superfluous spine, not a useless petal in | 
the floral egg, not an unneeded line of chasing in the | 
decorated shell. It is shaped beautifully because its 
shape is needed. In short, it is Nature’s method; the 
identification of beauty and use. But to resume. We} 
a at this point continue our illustrations of the ana- | 
yt cal power of moderate lenses by a beautiful instance. | 
e are indebted to Albert Michael, of the Linnean So- | 
ciety of co ge for a masterly treatise on a group of 
acari, or mites, known as the ortbatide. Many of these | 
he has discovered. The one before Rs is a full grown | 
— of what is known as a palmicinctum. It is! 
deeply interesting as a form; but for us its interest is) 
that it is minute, being only a millimeter in length. | 
But it repeatedly casts the dorsal skin of the abdomen. | 
Each skin is bordered by a row of exquisite scales; and 
then successive rows of these scales persist, fo: a 
protection to the entire o ism. ark then that we 
not only reveal the general form of the nymph, but the 
lens reveals the true structure of the scales, not enlarge- | 
ment merely, but detail. The egg of the organism, still 
more magnified, is also seen. | 
To vary our examples and still p Weall know | 
the appearance and structure of chalk. The minute 
foraminifera have, by their accumulated tests, mainly | 
built up its enormous masses. But there is another | 
chalk known as Barbados earth; it is silicious, and is 
ultimately com of minute and beautiful skeletons | 
such as those which, emigre § magnified, you now 
see. These were the glassy envelopes which protected | 
the living speck that dwelt within and built it. They | 
are the minutest of the olaria, which peopled in | 
inconceivable multitudes the i oceans; and, as | 
they died, their minute skeletons fell down in a continu- 
ous rain upon the ocean bed, and became cemented into 
solid rock which logic action has brought to the 
surface in Barbados and many other parts of the 
earth. If a piece of this the size of a bean, be 
boiled in dilute acid and was! 
der, the ultimate grains of which are such forms as 


these which you see. The one before you is an instance | 
The form from which | the instrument, 

was made was ex- | distinct focus is 

k in the strongest | piece, camera wy upon it. 


cus towing of they meguaies 
of the 

tremely po Bul mere white 

light upon a —— 


k of form —— 
of outline made b r. ut there is—as in the deli- 


1o 





it will fall into pow. | 


Bu ot CEE ESS | eee & se cenaes t 
It is not merely beaut 


eate group you now see—a perfect opening up of other- 
wise ahebutely invisible details. We may esnatien 
this evidence in favor of the analytical power of our 
higher lenses by one more familiar example, and then 
advance to the most striking illustration of this power 
which our most a and powerful lenses can afford. 
I fear that may be taking too much tor ted to as- 
sume that every one in an audience like has seen a 
human flea! Most, however, will have a dim recollec- 
tion or s ive instinct as to its size in nature. No- 
thing striking 
tion aneeng the existence of breathing pores or spi- 
racles along the scale armor of its body. But there isa 
trace of structure in the terminal ring of the exo-skele- 
ton which we cannot clearly define, and of which we 
may desire to know more. This can be done only by 
the use of far higher powers. . 

To effect this, we must carefully cut off this delicate 
structure, and so prepare it that we may employ upon 
it the first of a series of our highest powers. The re- 
sult of that examination is given here.* You see that 


| the whole organ has a distinct form and border, and 


that its carefully carved surface gives origin to wheel- 
like areole which form the bases of delicate hairs, The 
function of this organ is really unknown. It is known 
from its position as the pyotdtom; and from the ex- 
treme sensitiveness of the to the slightest aerial 
movement, may be a tactile organ warning of the ap- 
proach of enemies; the eyes have no power to see. But 
we have not reached the ultimate accessible structure 
of this organ. If we place a portion of the surface un- 
der one of the finest of our most powerful lenses, this 
will be the result.+ Now, without discussing the real 
optical or anatomical value of this result as it stands, 
what I desire to remind you of is: 

1. The natural size of the flea. 

2. The increase of knowledge gained by its general 
enl ment. 
a he relation in size between the flea and its pygi- 

um, 

4. The manner in which our lenses reveal its struc- 
ture, not merely amplify its form. 

Now with these —_ and yet needful preliminaries 

ou will be able to follow me in a careful study of the 
east, the very lowliest and smallest, of all living things. 


| It lies on the very verge of our present powers of optical 


aid, and what we know concerning it will convince you 
that we are pre with competent skill to attack the 
roblem of the life-histories of the smallest living forms. 
he group to which the subject of our present study 


s of extreme minuteness, but may be straight, 
or bent, or curved, or spiral, or twisted rods. This en- 
tire projection is drawn = pom, with camera lucida, 
each object pene meas 2,000 diameters, that is to 
say, 4,000,000 of t area. Yet the entire drawing 
is made upon an area of not quite 3 inches in diameter, 
and afterward projected here. The objects therefore 
are all equally and their relative sizes may 
be seen. The giant of the series is known as Spirilium 
volutans; and you will see that the representative 

cies given become less and less in size until we reach the 
8 est of all the definite forms, and known to science 
as Bacterium termo. 

Now within given limits this organism varies in size 
but if a fair average be taken its size is such that 
50,000,000 laid in order would only fill the hundredth of 
acubicinch. Now the jority of these forms move 
with idity and grace in the fluids they inhabit. But 
how? By what means? By looking’ at the largest 
form of this group, you will see that it is sa with 
two delicate fibers, one at each end. Ehrenberg and 
others aneey suspected their existence, and we were 
enabled, with more perfect lenses, to demonstrate their 

resence some twelve years ago. They are actually 

she oqtnaning expense of this Spirillum. The fluid is 

lashed rhythmicaliy by these fibers, and a spiral 
movement of the utmost grace results. Then do the 
intermediate forms that move also possess these flagella, 
and does this least form in nature, viz., Bacterium 
termo, accomplish its bounding and rebounding move- 
ments in the same way? Yes! by a series of resolute 
efforts, in using a new battery of lenses—the finest that 
at that time had ever been put into the hands of man 
—I was enabled to show in succession that each motile 
form of Bacterium up to B. lineola aecomplished its 
movements by fibers or Saget : and that in the act of 
selfgdivision, constantl g place, anew fiber 
was,a*awn out for each half before se tion. 

But the point of difficulty was B. termo. The de- 
ee of its Sais Bee a task “ ry wey — 
only patient purpose could conquer. But by the use o 
our new lenses, and special illumination we—my col- 
league and I—were enabled to demonstrate clearly a 
flagellum at each end of this least of living copsnigns, 
as you see, and by the rapid lashing of the fluid, alter- 
nately or together, with these oom. the powerful, 
rapid, and graceful movements of this smallest known 
living thing are accomplished. Of course these fibers 
are inconceivably fine—indeed for this very reason it 
was desirable, if possible, to measure it, to discover its 
actual thickness. We all know that, both for the tele- 
scope and the microscope, beautiful a us are made 
for measuring minute magnified de . But unfortun- 
ately no instrument manufactured was delicate enough 
to measure directly this fiber. If it were measured it 
must be by an in progress, which I accomplished 
thus: The diameter of the body of B. termo, 4. e., from 
side to side, may in different forms vary from the yy 
to the gy, Of an inch. That is a measuremen 
which we may easily make directly with a micrometer. 
Ha’ eters aoe this, I dete: ed to diseover the 
tatio of thickness between the body of the Bacterium 
and its flagellum—that is to say, to discover how many 


Organ is the bacteria. They are primarily staff-like 


of the lla laid side by side would make up the 

"Tt ached ae This is cated microscope 
P Us : 8 is a com 

placed on a tri 80 a it may be con- 


t. There is a special instru- 

ill . On the stage of 
Bacterium with its flagellum in 
Irstead of the simple eye- 

This instru- 

it appears to throw the 


image of the object u the white sheet of on 
the small table at the right hand where the awine is 


veniently wor up) 
ment for cente 





* A magnified image of the bee's sting was projected on the screen. 
+ A series of the of butterflies were then shown, as were the objects 
successively to, bat not here reproduced. 


* The pygidium of the flea, very highly magnified, was here shown. 
+ An illustration of the pygidium stracture seen with one-thirty-fifth 
immersion was given, 


is revealed by this amount of magnifica- | pared. 





made, at the same time that it enables the same eye to 
see the and oe: right agar wn this ear I made 
a caref wing . termo flagellum, magni 
fied 5,000 diameters. Here is a projection of the draw 


ing made. But I subsequently avoided , and 
used under the camera most carefully pre surface 
of ground glass.) When the drawing was made I placed 


on the drawing a drop of Canada balsam, and covered 
it with a circle of thin just like any other micro- 
scopic mounted object. This is a mucro-slide so cS 

. Now you can see that I qoly have to lay this 
on the stage of a microscope, make it an object for a 
low power, and use a screw micrometer to find how 
many flagella go to the making of a body. The result 
sae in the figure ; you see that ten lla would 

the area occupied by the diameter of the body. 

In the case chosen the body was the yg}yy of an inch 
wide, and therefore, when divided by ten, gave for the 
flagellum a thickness of the of an lish inch. 
In the end I made fifty separate drawings with four 
separate lenses. I averaged the result in each fifty, 
and then took the ave of the total of 200,-and the 
mean value of the wid of the flagellum was the 
gordon Of an English inch. It will be seen, then, that 
we are of instruments which, when com- 
petently used, will enable us to study the life-histories 
of the putrefactive organisms, although they are the 
minutest forms of life. I have stated that they were 
the inevitable accompaniments of putrescence and 
decay. You learned from a previous illustration the 
general appearance of the Bacteria; they are. the 
earliest to ap whenever putrefaction shows itself. 
In fact the pioneer is this—the ubiquitous Bacterium 
termo. The order of succession of thie other forms is by 
no means certain. But whenever a high stage of de- 
congue is reached, a group of forms represented 
by these three will swarm the fluid. These are the 

onads, they are strictly putrefactive sg omen hey 
are midway in size between the least and largest Bac- 
teria, and are, from their form and other conditions, 
more amenable to research, and twelve years I re- 
solved, with the highest power lenses and considerable 
practice in their use, to attack the problem of their 
origin ; whether as physical products of the not-living, 
or as the natural progeny of parents. 

But you will remember that only a minute drop of 
fluid containing them can be examined at one time. 
This minute drop has to be covered with a minute film 
of glass not more than the sy}, of an inch thick. The 
highest lenses are employed, working so near as almost 
to touch the delicate cover. Clearly, then, the film of 
fluid would rapidly evaporate and cause the destruc- 
tion of the object. studi To prevent this an arrange- 
was devised by which the lens and the covered fluid 
under examination were used in an air-tight chamber, 
the air of which was kept in a saturated condition ; so 
that being, like a saturated sponge, unable to take in 
any more, it left the film of fluid unaffected. But to 
make the work efficient I soon found that there must 
be a second observer. Observation by leaps was of 
no avail. To be accurate it must be unbroken. There 
must be no pap in a chain of demonstration. A 
thousand mishaps would occur in trying to follow a 
single organism through all the changes of successive 
hours to the end. But, however many failures, it was 
evident, we must begin on another form at the earliest 
point again, and follow it to the close. I saw soon that 
every other method would have been merely empirical, 
a mere piecemeal of imagination and fact. When one 
observer's ability to continue a long observation was 
exhausted, there must be another at d to take up 
the thread ‘and continue it ; and thus to the end. 
was fortunate indeed at this time in securing the ase: f 
and enthusiastic aid of Dr. J. J. Drysdale, of Liverpool, 
who practically lived with me for the purpose, and 
went side by side with me to the work. e admitted 
nothing which we had not both seen, and we succeeded 
each other consecutively, whenever needful, in follow- 
ing to the end the complete life-histories of six of these 
remarkable forms. 

I will now give you the facts in relation to two which 
shall be typical. We obtained them in enormous 
abundance in a maceration of fish. I will not take 
them in the order of our researches, but shall find it 
best to examine the t and the smallest. The 
appearance of the former is now before you. It is di- 
vergent from the common type when seen in its per- 
fect condition, avoid the oval form, but it resflmes 
it in metamorphosis. It is comparatively huge in its 
proportions, its average extreme length being the yy 
of aninch. Its normal form is rigidly adhered to as 
that of a rotifer or a crustacean. Its body-substance 
is a structureless sarcode. Its differentiations are a 
nucleus-like body, not common to the monads; gener- 
ally a pair of dilating vacuoles, which open and close, 
like the human eyelid, ten to twenty times in every 
minute ; and | y the usual number of four flagella. 
That the power of motion in these forms and in the 
Bacteria is dependent upon these flagella I believe there 
can be no reasonable doubt. In the monads, the versa- 
tility, rapidity, and power of movement are always 
correlated with the number of these. The one before 
us could —~ across the field with majestic slowness, 
or dart with lightning swiftness and a swallow’s grace. 
meted = Cong iral, or spin on its axis in a recti- 
quene a like Pork. ied bullet. ‘a cue - up or 

own, an neg or its motion with a 
and power w ich at once took and entrance, Fixing 
on one of these monads then, we followed it doggedly 
by a never-ceasing movement of a ‘‘ mechanical stage, 
never for an instant losing it through all its wander- 
i and gyrations. We found that in the course of 
minutes, or of hours, the sharpness of its outline slowly 
vanish, its vacuoles disappeared, and it lost its 4 
caudal extremity, and was slu, y ameboid. Th 
condition tensi the ameboid action quickened as 


here depicted, the p Hs motion ceased, the nucleus 
body became st veloped, and the whole sar- 
code was in a state of vivid and glittering action 


If now it be and y looked for, it will 
be seen that the eck of ee hegelin splits, dividing 
henceforth into two separate rs. At the same 
moment a motion is set "4 which _ the divided 
pairs asunder, making the interval o magente ta maaw 
constantly qeewer between them. During this e 
the nuclear has commenced and continued a pro- 
cess of seli-di om, Breen, RE ee ee 

rapidly rounder, flagella sw verge. 
ee com is taken; the nucleus divides, and a 
suddenly developed ; this deepens ; the 
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opecatio position of the flagella ensues, the nearly | It is characteristic of this 
‘vided forms now vigorously pull in eee direc- | that multiplication by self 
mn and the tail | 

The fiber of sarcode, to which the constricted | 


tions, the constriction is thus d 
formed. 


up of 
vision is the common and 
continuous method of increase. The other and essen- 
tial method was comparatively rare and ‘always ob- 


part has by tension been reduced, now snaps, and two | scure. In this instance, on the first occasion the con- 


° ge free. 
new organism 

flagella, and the no 
But in a few minutes, three or four at most, the full 


complement were always there. How they were ac- | alert and preven 


It will have struck you that the | tinuous observation of the same “ field” for five days 
sepentadl: g 4 its career with only tzo | failed to disclose to us any other method-of increase 


organism is possessed offour. | 


but this multiple-fission, and it was only the intense 
experience that k us still 


suggestiveness of 
us from inferring that it was the 


quired it was the work of months to discover, but at | only method. But eventually we perceived that while 


last the mystery was solved. The newly-fissioned form 
darted irregularly and rapidly for a brief space, then 
fixed itself to the floor or to a rigid object by the ends 
of its flagella, and, with its body motionless, an intense 
vibratory action was set up along the entire length of 
these exquisite fibers. Rapidly the ends split, one-half 
being in each fiber set free, and the other remaining 
fixed, and in 130 seconds each entire flagellum was 
divided into a perfect pair. 

Now the ameboid state is a notable phenomenon 
throughout the monads as precursive of striking 
change. It appears to subserve the purpose of the 
more facile acquisition and digestion of food at a 
crisis. And this augmented the difficulty of discover- 
ing further change; and only persistent effort en- 
abled us to discover that with comparative rare- 
ness there appeared a forin in an amoeboid state that 
was unique. It was a condition chiefly confined to the 


and intensely rapid in the protrusion and retraction of 
its substance, while the nuclear body becomes enor- 
mously enlarged. These never appear alone ; forms in | 
a like condition are diffused throughout the fluid, and 
may swim in this state for hours. Meanwhile, the dif- 
fluence causes a spreading and flattening of the sarcode | 
and swimming gives place to creeping, while the ae 
violently lash. In this condition two forms meet by | 
apparent accident, the protrusions touch, and instant | 
fusion supervenes. In the course of a few seconds | 
there is no disconnected sarcode visible, and in five to | 
seven minutes the organism is a union of two of the 
organisms, the swimming being in resumed, the 
flagella acting in apparent concert. This may continue 
for a short time, when movement begins to flag and | 
then ceases. Meanwhile, the bodies close together, | 
and the eyenots or vacuoles melt together, the two 
nuclei become one and disappear, and in eighteen | 
hours the entire body of “either has melted into | 
other,” and a motionless, and for a time irregular, sac | 
is left. This now becomes smooth, spherical, and | 
tight, being fixed and motionless. This is a typical 
process ; but the mingled weariness and pleasure real- 
ized in following such a form without a break through 
all the varied changes into this condition is not easily | 
expressed. 
ut now the utmost power of lenses, the most deli-| 
cate adjustment of light, and the keenest powers of | 
eyesight and attention must do the rest. fore the | 
end of six hours the delicate glossy sac opens gently at 
one place, then there streams out a glairy fluid densely 
packed with semi-opaque granules, just fairly visible 
when their area was increased six millions of times, and | 
this continued until the whole sac was empty and its 
entire contents diffused. To follow with our utmost 
powers these exquisite specks was an unspeakable | 
pleasure, a group seen to roll from the sac, when nearly | 
empty, were fixed and never left. They soon palpably 
changed by apparent swelling or growth, but were per- 
fectly inactive ; but at the end of three hours a beaked | 
ap arance was presented. Rapid growth set in, and 
at the end of another hour, how has entirely baffied us, 
they acquired flagella and swam freely; in thirty-five 
minutes more they possessed a nucleus and rapidly de- 
veloped, until at the end of nine hours after emission a | 
sporule was followed to the parent condition and left in 
the act of fission. In this way, with what difficulties I | 
need not weary you, a complete life-cycle was made out. 
And now I will invite your attention to the develop- 
mental history of the most minute of the six forms we 
studied. In form it is a long oval, it is without visible 
structure or differentiation within, and is possessed of 
only a single flagellum. Its utmost length is the xis 
of aninch. Its motion is continuous in a straight line, 
and not intensely rapid, nor greatly varied, being 
wholly wanting in curves and dartings. The copious- 
ness of its increase was, even to our accustomed eyes, 
remarkable in the extreme, but the reason was discov- 
ered with comparative ease. Its fission was not a divi- 
sion into two, but into many. The first indication of | 
its approach in following this delicate form was the | 
assumption rapidly of a rounder shape. Then followed 
an amcboid and uncertain form, with an increased in- 
tensity of action which lasted a few moments, when las- 
situde supervened, then perfect stillness of the body, 
which is now globular in form, while the flagellum 
feebly lashed, and then fell upon and fused with the 
substance of the sarcode. And the result is a solid, 
flattened, homogeneous ball of living jelly. 
To poopesty study this in its further changes, a 
wer of from three to four thousand diameters must 
ye used, and with this I know of few things in the 
whole range of minute beauty more beautiful than the 
effect of what is seen. In the perfectly motionless flat- 
tened sphere, without the shimmer of premonition and 
with inconceivable suddenness, a white cross smites 
itself, as it were, through the sarcode. Then another 
with equal suddenness at right angles, and while with 
adiairation and amazement one for the first time is 
realizing the shining radii, an invisible energy seizes 
the tiny speck, and fixing its center, twists its entire 
circumference, and endows it with a turbined aspect. 
From that moment intense interior activity became 
manifest. Now the sarcode was, as it were, kneading 
its own substance, and again an inner whirling motion 
was visible, reminding one of the rush of water round 
the interior of a hollow sphere on its way to a jet or 
fountain. Deep fissures or indentations chewed them 
selves all over the sphere; and then at the end of ten 
or more minutes all interior action ceased, and the 
sphere had segmented into a coiled mass. There was 
no trace of an investing membrane ; the constituent 
parts were related to each other simply as the two 
separating 3s of an ordinary fission ; and they now 
commenced a quick, writhing motion like a knot of 
eels, and then, in the course of from seven to thirty 
minutes, separated, and fully endowed with —— 
swam freely away, minute but perfect forms, which by 


caudal end, the sarcode having became diffluent, hyaline, | 








| mistaking its pale beauty. 


| the flagellum comes motion, an 


| tered on and completed its wonderfu 





the rapid absorption of pabulum attained speedily to 
the parent size. 


this was the prevailing phenomenon, there were scat- 
tered among the other forms of the same monad 
larger t the rest, and with a granular as- 

t tow the flagellate end. It may be easily con- 
rasted with the normal or ordinary form. Now by 
doggedly following one of these through all its wan- 


derings a wholly new phase in the morphology of the | h 


creature was revealed. This os or granular 
form seized upon and fastened itself to a form in the 
ordinary condition. The two swam freely her, 
both flagella being in action, but it was shortly pal 
ble that the larger one was absorbing the lesser. The 
flagellum of the smaller one at length moved slower, 
then sluggishly, then fell upon the sareode, which 
rapidly diminished, while the bigger form e ded 
and became vividly active until the two bodies had 
actually fused into one. After this its activity dimin- 
ished, in a few minutes the body became quite still, 
leaving only a feeble motion in the flagellum, which 
soon fell upon the body-substance and was lost. All 
that was left now was a still spheroidal glossy k, 
tinted with a brownish yellow. SS of this 
monad is the extreme uncertainty of the length of time 
which may elapse before even the most delicate change 
in this sac is visible. Its absolute stillness may econ- 
tinue for ten or more hours. During this time it is ab- 
solutely inert, but at last the sac—for such it ns 
ntly, and there is poured out a brownish uid. 

t first the stream is small, but at length its flow en- 
larges the rift in the cyst, and the cloudy volume of its 
contents rolls out, and the hyaline film inclosed it 
is all that is left. 

The nature of the outflow was like that 9 erp ome by 
the pouring of strong spirit into water. But no power 
that we could employ was capable of detecting a gran- 
ule in it. To our most delicate manipulation of light, 
our finest optical appliances, and our most rive at 
tention, it was a homogeneous fluid and nothing more. 
This for a while baffled and disturbed us. It lured us 
off the scent. We inferred that it might possibly be a 
fertilizing fluid, and that we must look in other direc- 
tions for the issue. But this was fruitless, and we were 
driven in to the old point, and having once more 
obtained the emitted fluid, determined to fix a lens 
magnifying 5,000 diameters upon a clear over 
which the fluid had rolled, and near to the exhausted 
sac, and ply our old trade of watching with unbroken 
observation. 

The result was a reward indeed. At first the 
was clear and white, but in the course of a hun 
minutes there came suddenly into view the minutest 
conceivable specks. I can ~*~ ——— the coming 
of these to the growth of the rs in a star- 
less space u the eye of an intense watcher 
in a summer twilight. You knew but a few minutes 
since a star was not visible there, and now there is no 

It was so with these inex- 

they were not there a short 
large enough for our optical 
Such a field 


a, minute sporules ; 
ime since, but they grew i 
aids to reveal them, and there they were. 
after one hour’s watching I 
I would remark that these delicate specks were unlike 
any which we saw eme directly from the sac as 
granules. In that condition they were always semi- 
opaque, but here they were transparent, and a brown 
yellow, the condition always sequent upon a certain 
measure of growth. 

To follow these without the loss of an instant’s vision 
was pleasure of the highest kind. In an hour and ten 
minutes from their first discovery they had’grown to 
oval points. In one hour more the specks become 
beaked and long. And this pointed end was univer- 
sally the end from which the llum emerged. With 
with that abundant 
pabulum, and therefore rapid growth. But when mo- 
tion is attained we are compelled to abandon the mass 
and follow one in all its impetuous travels in its little 
world ; and by doing so we are enabled to follow the 
developed speck into the parent condition and size, and 
not to leave it until it had, like its a en- 

self-division by 
fission. 

It becomes then clearly manifest that these organ- 
isms, lowly and little as they are, arise in fertilized 
ental products. There is no more caprice in their 
mode of origin than in that of a crustacean or a bird. 
Their minuteness, enormous abundance, and universal 
distribution is the explanation of their rapid and prac- 
tically ubiquitous appearance in a germinating and 
adult condition. The presence of putrefiable or putres- 
cent matter determines at once the germination of the 
always-present — But a new question arises. 
These spores are definite products. In the face of some 
experimental facts one was tempted toinquire: Have 
these spores any capacity to resist heat greater than 
the adults? It was not easy to determine this ques- 
tion. But we at length were enabled to isolate the 
germs of seven separate forms, and by means of deli- 
cate apparatus, and some twelve months of as 
to place each spore sac in an apparatus so 
that it could be raised to successive temperatures, and 
without any change of conditions examined on the 
stage of the microscope. 

In this way we reached successive 
higher and higher until the death point— 
yond which no subsequent germination ever 
—was reached in regard to each organism. The result 
was striking. The normal death point for the adult 
was 140° F. One of the monads emitted from its sac 
minute mobile specks—evidently living bodies—which 
rapidly grew. These we see det ee at a tem- 

ure of 180° F. Three of sacs emitted 
hat germinated at every temperature under FP. 
Two more only had their power of a de- 
stroyed at 260° F. And one, the least of all the monad 


forms, in a heat ially fluid and partially dry, at all 
points up to soe Bat if wholly in. fluid it was de- 
stroyed at the point of 290° F. The average that 
the power of heat resistance in the spore was to 


ratures 
spoint be- 


pase you : 
, the active organism and the developing sac are 





| 





the adult as 11 to6. From this if is élear that we dai 
not infer taneous after heat : 
in proot of this I close with a practical Ateee- 
n a case. 
chant and resolute advocate of. the origin of 
forms de novo has published what he rsa 
cial illustration in support of his case. took 
bolled ohile et Ily- sealed ft 
He then heated it ap in to 270° F. 
or nine weeks then opened, and, in his own 
ye te, Rey examination of the earliest 
drop ‘‘ there more than a dozen very’ 
monads.” He fortunately measured and 
drawn these. A facsimile of his dra’ novia 
J 
taile, whieh 


says that they were possessed of a ra 
and that there were other forms without 
of the 
My drawin ; ’ 


here. 

Now this experimenter says that he took 
monads and heated them to a tem ture of about 
140° F., and they were all absolutely killed. This is 
aecurately our experience. But he says these monads 
arose in a closed flask, the fluid of which had 
heated up to 270° F. Therefore, since they are killed 
at 140° F., and arose in a fluid after heated to 
270° P., they must have arisen de novo/ But the truth 
is that this is the monad whose spore a its 

wer to germinate at a temperature (in fluid) of 290°, 
hat is to say, 20° F. higher 
this experiment, they had been subjected. And there- 
fore the facts compel the deduction that these monads 
in the cress arose, not by a change of dead matter into 
living, but that they inated naturally from the 
parental spore which the heat employed had been in- 
competent to injure. Then we conclude with a definite 
issue, viz., by experiment it is established that living 
forms do not now arise in dead matter. And by study 
of the forms themselves it is proved that, like all the 
more complex forms above them, they arise in —— 
products. The law is as ever, only that which is living 
ean give origin to that which lives. 
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Co. are solicitors of American and Foreign Patents, have had 40 years’ 
experience, and now have the largest establishmeut in the world. Patents 
are obtained on the best terms. 

A special notice is made in the Selentifie American of all inven 
tions patented through this Agency, with the name and residence of the 
Patentee. By the immense circulation thus given, public attention is di- 
rected to the merits of the new patent, and sales or introduction often 
easily effected. \ 

Any person who has made a new di y or i tion can ascertain, 
free of charge, whether a patent can probably be obtained, by writing to 
Monn & Co. 

We also send free our Hand Book about the Patent Laws, Patents, 
Caveats, Trade Marks, their costs, and how procured. Address 

Munn & Co., 361 Broadway, New York. 
Branch Office, cor. F and 7th Ste., Washington, D. C._ 
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